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PREFACE 


Within the past few years distinct advances have been mado in 
the methods of teaching science. It is becoming more and 
more widely recognised that the only scientific knowledge ivcrtli 
having is that gained by individual observation and experience ; 
and public examining bodies are one by one bringing themselves 
in line with this sound educational princijde ))y causing their 
examinations to be more a test of familiarity with experimental 
methods and results than of information ac(piired by reading. 
The new regulations for the Matriculation Examination of the 
London Ibiiversity, making an experimental kjiowledge of the 
fundamental principles of physical and chemical science compul- 
sory for every candidate, represent an advance in this direction. 
Moreover, provision for such an introductory course in science is 
iiijule in the Junior Local Examinations of the ("niversities of 
Oxford and Cambridge ; and pupil teachers in olemeiitai'y sclunds 
are now encouraged by the Educjition Department to take up a 
course of olemeiitHary science having nearly the same aco})e as 
that just introduced iiilo the Matriculation Examination of the 
University of London. 

The lessons in this volume follow the Matriculation Syllabus 
of “General ElementJiry Science.” ' It is dhstinctly stated in a 
note prefixed to the syllabus thifc “ fti particular, the subjects of 
the present syllabus will be treated wherever possible from i\n 
experimental point of view. Candidates will be expected to 
have performed or witnessed simple experiments in iUusti*ation 
of the subjects mentioned in this syllabus.” Witli these require- 
ments in mind, we have nifide experimental work a distinctive 
feature of the book. A large number of simple and practicable 
experiments, which, with a few exceptions, can be easily per- 
formed by the individual student, are described ; and our object 
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has been to make the volume a combined class-book and practi- 
cal exercise book on the rudiments of physical and chemical 
science. 

Many of the experiments follow the course of instruction in 
elementary science contained in the physics and chemistry syllabus 
prepared by a Committee of the Incorporated Association of Head 
Mastei’s. The results are indicated in each case, hence the 
experiments may be regarded in a way as solved exami)les of the 
general laws and ])henomena of physical science, but the 
examples can only be properly understood by actually following 
the various stages which lead to their solution. In a few sec- 
tions of the book it has been necessary to illustrate by numerical 
examples the princijdes involved ; and to exci'cise the student in 
solving simple problems of this kmd numerous questions have 
been added to the chapters. For a large number of these, and 
more especially for those aijpeiidedto Chapters HI — VII, w^e are 
indebted to Mr. Walter J. WockI, B.A., who has collected many 
from actual oxauiiiiation i)ai)ers, and has su]>plied the answers. 

13iroughout the pro])aratiou of the following pages we have 
found the assistance and advice of Professor R. A. Gregory 
invaluable. Teachers who know Professor Gregory’s Exervhv 
Book of ElemmUtry Fvadkid will recognise in the earlier 

chapters of the i)roseiit volulll(^ several experiments described in 
that book. The of)portuiiity of expressing thanks f(»)’ ])ermission 
to introduce these is gladly taken ; and we also desire to express 
our obligations to tlio Pu])liHhers for pennittiiig free use of 
suifciblc illustrat ions from several of their elementjiry l)ooks in 
the various branches of science with wliich this volume is 
concerned. 

It is worth remark that although the Ixjok is, in a broad 
sense, a joint production, one of us (A. T. S.) is more directly 
responsible for Chapters I — XIII, and the other (L. M. J.) for 
Chapters XIV— XXIII. 


London, March, 1898. 


A. T. SIMMONS. 
L. M. JONES. 
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CHAPTER I 

T'lIYSTCAL IMIOFEIITIEH AND STATES OF TNlATTPiR 

What is meant by “ Matter.”— Our earliest knowledge of 
the world Radies us that on eveiy side we have what we 
familiarly apeak of as ihiiufs of all kinds. We become aware of 
the existence of these things in different ways. Some we feel, 
some we smell, some we see, some wc tjiste, wdiile others again 
make their existence known to us by the sounds wc hear. On 
a windy day at the sea-side, standing on the beach, we feel the 
ground under our feet ; we smell, it may be, the tar on a neigh- 
l)ouring boat or the seaweed on the shingle ; w’e see a distant 
shij) at sea or tlu* clouds hurrying across the sky ; w^e taste the 
salt in the air ; and wc hear the never-ceasing roar of the vviu cs 
as they break in at our feet. All these things, about w’hich we 
get to know' by our sensos, are called material things ; they arc 
forms of matter. We must think of matter, then, as meaning 
all things which exist in or out of our world, which we can 
become aware of by the help of our senses. 

Different kinds of Matter. — Of course the number of 
different kinds of tlimgs is nmumerablc, but yet they can all 
be arranged in three classes, according to certain of the pro- 
perties they possess and which w’^e shall immediately have to 
study. The classes are (1) Solid tlimgs or solids ; (2) Liquid 
tilings or liquids ; (3) Gaseous things or gases. Sometimes the 
last two are made into one class and called fluids. 

What is meant by “ Properties.” — We shall have occasion 
to use the word properties so often that it will be well to clearly 
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understand what meaning the word convoys, and this can be best 
accomplished by one or two examples. We my a strawberry is 
sweet, or a straw ben*y has the property (jf sweetness ; the paper 
of the book is white, or the paper possesses tho jiroperty of 
whiteness ; the sun is bright, or the sun is noted for tho pro- 
perty of brightness. Evidently, then, pi'ojtpHies are certain 
effects caxmd by the thinys which are said to possess them.'' 

Properties possessed by all kinds of Matter.— There are 
certain properties possessed in common by all kinds of matter ; 
these are sfiid to be yeneral pnvperties. 

1. Matter mmt occupy a certain spttce^ or possesses extension ; 
the larger it is the larger the space occupied by it. 

2. It will further be obvious to every one that tivo material 
thhygs cannot occxipy the same s^mcn at the same thne. Tliis i)ro- 
porty is expressed by saying that matter is impeneirahle. To be 
quite accurate, we have to know something al)out the way in 
which matter is built up. Wo shall see more fully later that it 
is generally supposed that every kind of matter is built up of 
small constituent parts, which are incapable of divisicm, and 
that it is really only these indivisible parts which are im- 
penetrable. 

ii. Matter ojfers resistance. — V''e become awjirc of this, in the 
case of solids, if we knock ourselves against tho wall or the 
tiible ; if we swim or wade in water 'we know the same thing is 
true of water, and so we find it to be of all licjuids-; if wo 
attempt to run with a screen in front of us we become conscious 
of the resistance offered by the air to oui’ onward progress, and 
from this argue that gases, too, offer resistiince. 

4. Matter tais weiyht . — ^Without knowing the full significance 
of the expression weight, wo shall have a sufficiently clear idea 
of what is meant by this property from its familiar use in eveiy- 
day conversation. By lifting a solid we become conscious of its 
X)ossession of this property ; if we lift an empty bottle and then 
when it is full of any li(iuid, we shall find it is lighter in the first 
insbnicc, or, as we say, the liquid has weight. By the exercise 
of sufficient care, in just the same manner it can be shown that 
gases have weight. 

6. Matter transfers motion to other ihhvgs when it strikes against 
them . — If we throw a stick at a cocoa-nut at a fair, or send a jet 
of water at a ball, or blow at a piece of paper, another of the 
general properties of matter can be demonstrated, namely, the 
power of giving motion to other things by striking against them. 
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All these general properties can be brought together iikade- 
finition— thus Matter occupies space, offers resistance, 
possesses weight, and transfers motion to other things 
when it strikes against them.” 

Other Properties of Matter. — Matter possesses other eha- 
rficters or properties which it will be useful for us to study. 
Though these, too, are general i)roperties, it is [kossible to form 
a gowl elementary notion of matter without taking them into 
account, and it must be remembered that these properties 
cannot all be applied to every kind of matter. We shall con- 
sider (i) Divisibility, (2) Porosity, (3) Compressibility, (4) 
Elasticity, (5) Inertia. 

Divisibility. — Imagine some material body before you on a 
tiible. You know that with suitable means you can divide it 
into parts by cutting, that each of the lialves can be again 
divided, and that the bisection can be continued as long as the 
knife is sufficiently hne and sharp to be able to cut the substance. 
Evidently, if you could only get sharper and sharper knives, 
atid keener and keener eyes, this process of division could be 
earned on for a veiy long time. ' This property is what is 
understood by diviaihilitif. 

Could this division go on for ever ? There are reasons for be- 
lieving that it could not. You could not go on dividing matter 
indefinitely ; by and by extremely minute and indivisible parts 
would be reached, called atmm. It must be at once understood 
that atoms have never boon seen. We can only imagine what 
would be the end of our process of division. Our strongest 
microscopes bring us nowhere near the possibility of seeing an 
atom. 

Porosity. — We are all in the habit of associating this property 
with certain familiar forms of matter. The sponge we use in 
the bath has holes through it, or is, as we say, porous, A piece 
of blotting paper is another common example of an obviously 
porous material ; the substances used in filters must also 
evidently be porous, or else the water would not percolate 
through them. Porosity refers to the possession of these 
interstices or pores. In some cases, though we cannot see these 
pores with the naked eye, we easily perceive them with a 
microscope. The pores have often been shown to exist, even 
where it is difficult to imagine their existence, by forcing water 
through them. Thus Francis Bacon, in 1640, forced water 
tlirough a very carefully closed sphere made of lead. 

B 2 
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Expt. 1. — Filter some muddy water through a filter ])aper 
placed in a funnel (Fig. 1). The particles of water are small 
enough to }>ass through the pores of the paper, hut the solid 

})articles of mud are too lai’go, 
hence they arc left Ijehind. 

Kxpt. 2. — Procure a piece 
of chamois leather ; make it 
into a bag, and pour some 
mercury into it. Increase the 
j)ressure on the mercury by 
twisting the leather. The 
mercury is forced through 
the pores. This is a common 
Fto. 1.— Funnel and Filter-iiapcr. ^vay of filtering mercury. 

Expt. o. — Half fill a liaro- 
meter tube with water ; then gently add alcohol until the 
tub© is nearly full. Make a mark on the tube at the level 
with the top of the liquid column, and afterwards shake the 
tube so as to mix tln^ water and alcoliol well together. 
Observe that the volume of the mixture has diminished, the 
reason being that some of each liquid has filled up pores 
between the paiticles of tlur o' her. 

Compressibility. — This jiroperty follows as a natural conse- 
quence of that just described. If ])ores exist between the 
indivisible small particles of which matter is built up, it ought 
to be possible, by the adoption of suitable means, to make 
these particles go closer together. This is found to be the cfise. 
By pressing upon the body from outside it cmi be made smaller. 

This is very wcdl known to bo the case in gases, which Ciin 
actually be made to become successively one-half, one-quarter, 
one-eighth, and so on ii]) to at least one-hundredth of their original 
size. 

The same thing holds true in the case of solids, though to 
a much smaller extent. A familiar example of the compression 
of sohds is scon when a druggist presses a cork between two 
pieces of iron in order to make it fit a bottle for which it was 
previously too large. But, generally, in the case of solids the 
pressure exerted has to be very great to bring about even a 
small compression. 

It was believed for a long time that liquids could not be com- 
pressed, but it is now known that they can be ’ very slightly 




I PHYSICAL propehties and states op matter 

reduced in volume, timt is, the particles can be forced nearer 
together. 

Thus we loam that r.o:npre'<HihilUy is )int only a conseqmnce of 
porosity hni avMially n jn'oof of Us oxMeure. 

Elasticity. — Imagine a gas t<) have been ni;ide to assume 
ono-half its size by coiiij)reHsii:g it. What would happen if the 
j)ressuro, which is the cause of the diminution, were suddenly 
removed V Tlic gas would resume its original size or volume, 
and it would, so far as a])pearance8 are concerned, seem to have 
undergone no change. The gas is said to bo perfectly dostic 
:md the property which enabled it to go back to its original 
stjite is called elast icily. Similar results follow with liquids ; 
they also are perfectly elastic. 

8ome diffei'erices arise when solids come to ])o examiiiod. 
Though the pro])erty can be developed in solids in at least four 
w^ays— by pressure, ]jy pnlLiny, by heiidiny, and by tinsfiny — 
we need only in this connection consider the lirst, as it is the 
elasticity which is developed by pressure which is most marked 
ill all forms of matter. Ivory, marble, and glass are exaiiqilesof 
elastic solids ; while ]jutty, clays, fats, and even lead are 
instances of solids with scarcely any elasticity. In a scientilic 
Rcnse, glass is more perfectly elastic than india-rubber, bcciiuse 
it returns to its original shape after it has been forced out of 
that shajie, whereas india-rubber does not exactly return to its 
(>riginal shape. 

A soli<l will only resume its former dimensions when the 
pressure is removed, p rovided that the pressure is within a 
cert^lin limit. If the pressure be more than this minimum 
amount, or if it exceeds the limit of elasticity, as it is called, 
the solid will not return to the initial size ; it will undergo a 
permanent change. As the student will see later from Expt. 10, 
this limit of elasticity is only exceeded in the case of india- 
rubber when the pressure applied is very great. 

Expt. 4.- Procure a slab of polished marble or some similar 
matei-ial and smear it with t»iL Div)]) a billiaitl ball oi* a large 
glass marble from a considerable height on to the slab. Catch 
it as it rebounds. Notice that a blot of oil is found where the 
ball came into conbict with the slab. Compare the size of the 
blot with the spot which is formed when the marble is placed 
in contact with the slab. 

Evidently the ball underwent a comiiression as the result of 



6 ELEMENTARY GENERAL SCIENCE chap. 

collision with tho slab, and, by virtue of its elasticity, it regained 
its original size, causing the rebound. 

Inertia. — This property will be considered more fully in a 
later chapter, and wo will let it suffice to sfiy here that it is 
entirely a negative property ; it may be expressed in a general 
way by the sbitement that inanimate bodies are incapable by 
themselves of changing their state of rest or motion. 

States of Matter.— Solids, Liauids, Gases.— The fact that 
there are three kinds of material things is well known to every one, 
and has been stated already. We must now add to this another 
idea, viz., that the same matter can exist in three different 
states. 

Exit. 5.— Procure a lump of ice and notice that it lias a 
particular shape of its own, whicli as long as the day is 
sufficiently cold, remains fixed. 

Exit. b. — With a sharp brad-awl or the point of a knife 
break it up into pieces, and put a convenient quantity of them 
into a beaker. Place the beaker in a waiin room, or apply 
heat from a laboratory burner or spirit lamp. The ice dis- 
ap])ears, and its place is taken by what w'o call w\ater. Notice 
tho characters of the water. It has no definite sha]>e, for by 
tilting the beaker the water can be made to flow about. 

Exit. 7. — Ilejdace the beaker over the burner and go on 
wanning it. Soon the water boils, and is converted into 
vapour, wdiich spreads itself throughout the air in the room, 
and seems to disapjiear. The vajiour can only be made visible 
by blowing cold air at it, when it becomes white and visible, 
but is really no longer \'apour, but has condensed into small 
drops of water. 

Hero the same form of matter has been made to assume throe 
states ; in otlier words, ice, water, and steam are the same form 
of matter in the solid, liquid, and gaseous state respectively. 

The change from one state to another may be sudden or 
gradual. — The circumstances attending the change from the 
solid to the liquid, or from the Ihjuid to the gaseous state, are 
not always the same as we h.Mve seen in the case of water. 
When solid iodine is heated, it appears to suddenly pass from 
the condition of a solid to that of a gas. Camphor is another 
instance of this sudden transition from solid to vapour. When, 
on the other hand, sealing-wax is heated, it veiy gradually passes 
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into tho liquid condition, and may b«* obtained in a kind oi 
transition stage — neither true solid noi true Jiquid. 

Expt. 8. — Warm a Florence flask by twirling it be tv. een the 
f'jiger and thumb above the flame of a lab >ratory ^ urner. 
When it is too warm to bear the Anger upon the bottom, intro 
duce a crystal of iodine, and notice it is at once converted into 
a beautiful violet vapour. 

Expt. 9. — Warm a lump of sealing-wax or bicycle cement 
in an iron spoon, and notice the gradual conversion into a 
liipiid. 

There is no hard and fast line between the three conditions of 
matter wo have mentioned. The reader will find as his know- 
ledge extends that intermediate states are known between those 
wo have mentioned, T)ut for the present it will bo best to confine 
the attention to this simple division, reserving for future work 
a study of these gradations. We shall now consider the dis- 
tinctive properties of solids, liquids, and gases. 


Distinctive Characteks of Solids, 

A solid body does not readily alter its size or shape. It 
will keep its own volume and the same form unless .sub- 
jected to a considerable force. — Another way of expressing 
tlie facts contained in the definition is to say that solids possess 
riijid/if if. Hard solids ai’c more rigid than soft ones. Liquids, on 
tile other hand, ])ossoss no rigidity, but the ojiposite property (►f 
flowing or finidUy. Li<iuid jiarticles slide over one another so 
easily that the surface of a liquid at rest is always horizontal. 
Fine siind may be made to flow, but the particles, however, do 
not move freely over one another, so the surface is left uneven, 
which fact jirovides us with a clear means of distinguishing 
between a solid and a liquid. 

Solids possess Elasticity. — ^It has been already shovni by 
Expt. 4 that elasticity can be called into play in solids by 
pressure, and we liave now t<^ prove that it is also called intt^ 
play by pulling, bending, or twisting. 

It would take us farther into the subject of Physics than 
we can afiford space to describe how the elasticity has been 
measured in these cases, but that tliere is an alteration of form 
wlien solids are treated in these ways can be easily shown. 
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Expt. 10. Fix one end of a piece of indianibbor cord, or 
tubing, about two feet long, to a support. Stick two pins 
through this cord about 18 inches apart. Tie 
*|| the lower end of the cord into a loop, and 

‘ then hang a weight by means of a hook from 

■ : it. Measure the distiince between the pins 

before and after putting on the weight. 
I Repeat the experiment with different weights. 

You w^iU notice that the cord can be stretched 
or elongated, because the weights exei't a 
j>ulling force ui>on it. If a lojjg mebd wire 
is used instead of the cord, the stretching 
can be measin*cd in a similar way, but it is 
q much less ; for iiistiince, a brass wire inch 

I in diameter and eleven ftiet long elongates 

:| about inch when a weight of 28 lbs. is pull- 

y 3 ing it. 

/ Exi’T. 11. Procure a flexible Avooden lath, 

and fix it horizonbilly by clamping one end 
of it firmly. To the other end attiich a pin 
^ by means of a little wax. l^lace a rule verti- 
cally iieai- the pi3i, as in Fig. o. A weight 
„ . . sho\dd then be hung front the free end of 

to iiinstmto tiie Ion- the lath, and the amount of bonding ( ibserved. 

Keeping the sjinio weight, cliniip the hith 
so that only half the [irevious length can 
be bent, and again m^tice the amount of 
bemling. Try also Avith other lengths. 

Exi*t. 12. Suspend a wire with a weight at its loAver end, 
and under it a circle dividetl into degrees in a manner similar 
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I PHYSICAL PROPERTIES A^I> STATES OP MATTER ^ 


to that shown in Fig.’ 4. Notice th j position at which the 
weight conies to rest ; then twist the weight through a certain 
angle, and let it go. The 
weight untwists back to the 
stiirting iioint and beyond it, 
and then spins in the way it 
was twisted, and goes on oscil- 
lating in this manner until it 
comes to rest. Observe how 
long the weight bikes to make 
ten or fifteen complete spins. 

Repeat the observation with 
wires of different length and 
diameter, and made of dif- 
ferent motiils. Tlie time (if 
an oscillation de])ends upon 
the tendency to untwist, so 
that tile experiment show's Fio. 4. —Elasticity of Turnon, 
that this depends, among 

other things, upon the length, diameter, and nature of a 
wire. 

Solids possess Tenacity, Ductility and Hardness.— The 

force requii’ed to tear asunder the paiticlesof a b(xly varies w'ith 
different materials, in other words, some substances are more 
tenacious than othei*H. 

1. Tenacitu is measured hy asccrlninhaj what weajht is nccessanj 
to break solids when in the form of wires. 

Exit. 111. Susjieiid a balance-jiaii from the lower end of a 
thin copper wire attached to a beam. Add weights to the pan 
until the wire breaks. The force reciuired to break the wire 
is the joint weight of the balance-pan and the weights in it. 
Rejieat the experiment with wires of the same diameter but 
made of different material. 



Tn making the mefisuremeiit of tenacity, the area of the cross 
section of the wire must firet be carefully estimated. By the 
cross section is meant the area of the end of the wire when it is 


carefully filed to bo at right angles to the length. This cross 
section is estimated by measuring the diameter of the wire and 
calculating.^ 


1 Ar(xi of cross soctioii 


32 


d2 


7’ 4 
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It is found that a wire of twice the cross sectional area of 
another will be just twice as tenacious. Evidently, then, if we 
wish to compare the tenacity of two wires of different materials, 
it will make the experiment much simpler if wires of the same 
cross section are aelecte<l. Oast steel is the most tenacious of 
lill metals, being about twice as much so as copper and forty 
times as tenacious as lead. But the tenacity (^f steel itself is 
exceeded by that of unspun silk, while single fibres of cotton 
can support millions of times their own weight without breaking. 

2. Dnvtilitii in the pi'opevbj h]i virtue of which solids can he. mmJe 
into wires. A ductile material is thus one which ciin be drawn 
out. The change of form in this case is produced by pulling. 
Malleahilit]/ is a similar property to ductility, but the change of 
form is brought about by the ap[)lication of pressure ; gold, 
copper, and lead, for iiistonce, can be beaten out into thin plates, 
and are therefore malleable subsLinces. Lead is an example of 
a malleable ipiterial which is not ductile — ^it can be beaten out 
but earfuot lie drawn into wires. 

Platinum is the most ductile and gold the most malleable 
metal known. Platinum has been drawn out into wire so fine 
that a mile of it weighs only one and a quarter grains. Gold 
has been beaten into plates so thin that it would re(juire three 
hundred thousand of them placed /me above the other to make 
a layer an inch thick. 

3. Hardness is the pntpertij bif mine of which sidids offer resist- 
ance to heinij scratched or worn by others. This is a ju’oporty of 
great importance in the study of minerals, as it often afl\)i*ds a 
ready means of distinguishing them. The method of measuring 
hardness consists in selecting a series of solids, each one of the 
series being harder than the one above it, and softer than the 
one below it. At one end of the series, therefore, the hanlest 
solid known is placed ; at the other end, tlie softest which we 
may wish to measure. 

Distinctive Chabacters of Liquids. 

We have now to loam the leading properties which liquids 
])ossess, which distinguish them from solids on the one hand and 
from g;ises on the other. We have alre^idy learned that, being 
forms of matter, they have certain general characters m common 
with all (jther material things ; but what is there about a liquid 
which makes us give it a name of its own ? A liquid adapts 
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itself to the shape of Ihe vessel containing it, but the con- 
ditions remaining the same, it keeps its own size or volume, 
however much its shape may vary. it is ^wt Md by the 

sidt'ff of a vessel it at once This is the conn, onest Jr^day 

experience. You cannot get a junt of beer into a glass of half i. 
pint capacity. Tt docs not matter what the sliape of the bottle 
or jug may be — providing it holds a pint, fis we sfiy, or provided 
its capacity is a pint, the quantity of beer taken to exactly fill it 
is always the same. If we turn the jug upside down, the beer all 
runs away because there is no part of the vessel to prevent it 
from jiovdny. The suiface of lit^uids, t»>o, enclosed by a vessel 
is always level. 

The Flow of Liquids. — The power of flowing is not perfect in 
li(]uids. The small particles making up the liquid always stick 
to one another a little, and wdien any part of a mass of liquid 
moves, it always attempts to drag the neighbouring x>article, which 
is at rest, with it. \Vc can sum this uj) by saying that liquids 
would flow perfectly if they possessed no risrosUy. Those liquids 
which have little viscosity, or, what is the same thing, are very 
mobile lujuids, are instanced by alcohol and water ; while treacle 
and t?ir have little mobility^ but are very viscous. Evidently, 
then, there is a gradation in those forms of matter which have 
fis yet come before our notice. At one end we have very mobile 
liquids, which as the viscosity increases flow loss and loss easily, 
until at last there is no power of flowing at all, and we have the 
solid form of mutter. 


Exi*t. 14. — Procure specimens of treacle and j)itch. Soften 
tlio latter. Compare the consistency of the treacle and the 
softened pitch with 
that of water, and 
note the gradual in- 
crease in the vis- 
cosity of the liquids. 

Liquids And their 
Level.-~If several ves- 
sels of the most varied 
shapes (Fig. 5) are in t 

communication with = •: — br 

one another, and water ..t va.io«« m communica- 

be poured Ulto any one tiou. Water stoudiug ut same level in uU. 
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of them, we shall find that as soon the water has come to 
rest it will stand at the same level in all the tubes, however 
dificrent the fonn of the vessels may be. It is this property 
of liquids which is utilised in the construction of the loater- 
leveL Its construction and use wiU be easily understood by a 
glance at Fig. 6. However the doubly-bent tube may be 

standing, the line join- 
ing the two surfaces 
will alvrays be level. 
This is of great service 
to surveyors and such 
people who must be 
able to find a level line 
for the ])ur]K>se of 
their observations. 
The following simple 
eie|ieiiment is useful in showing that the sui’face of a litjuid at 
rest is level : — 

Exit. 15. — Into a shallow glass vessel pour enough mercury 
to cover the bottom. Atbich a ball of lead to the end of a 
fine string, and so construct a plmuh-luie. Hang it over the 
surface of the mercury, and notice that the 
line itself and its reflection are in one and 
the same line. If this were not the case, 
that is, if the image slanted away from the 
plumb-line itself, we should know the sur- 
face of the liquid was not horizcaitid. 

Liquids communicate Pressure equally m 
all Directions.— It will be desu-able first to 
satisfy ourselves that liquids communicate 
pressure, and tlien tiy to understand the 
second part of the statement, that they com- 
municate it equally in all directions. Imagine 
we have two cylinders in connection, as shown 
in Fig. 7. Into each cylinder fit a piston with 
a plate attached to the top, as our illustration 
also makes clear. If we jjush one piston down, 
we notice tha the other moves uj>. If we put 
a weight, say 10 lbs., on to each piston, they will exactly balance 
one another, and there is no movement in either case. Each 
piston is pressed upwards and downwards to an equal degree, 



Fkk 7.—Tu llhis- 
tmte Jlydrostiitii! 
Proshuro. lljc 
two ryliiulLfH sire 
of tilt* Hsiinc 
HO equal woitfhls 
upon the xriHtouH 
halanco ouu an- 
othur. 


- kL - - a 
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and in consequence does not move at al^ Tlio experiment can 
bo varied by making one cylinder horizontiJ, while the other 
remains vertical. In this case, also, if w'‘ push in t!*e hori • 
zontal piston we noticci that the upright justoii rises in just 
the same manner as before, showing us that pressure is com- 
municated in different dlrectwns. Finally, if w^e use a device 
after the pattern of our illustration Fig. 8, and fill it with water, 
when the piston working in the cylinder is 
pushed down the jets spurt out equally 
in all directions from the holes in the 
globe, thus showing that the pressure is 
communicated eqnnlhf hi all directions. 

Hydraulic Press.— Reverting to our 
first example in the last paragraph, and 
glancing at Fig. 7, suppose that the sur- 
face of the piston on the right had been 
twice as great as tlio other, and that, as 
before, weights of 10 lbs. had been placed 
upon each piston. They wdU no hmger 
balance ; the right-hand weight is pushed 8.~EquaUty of Id- 

upw^ards, and to bring about a balance it PresRurc. 

would be found necessary to put 20 lbs. 

on the larger piston. Similarly, had the right-hand piston been 
a hundred times larger, we should have to put 1,000 lbs. upon it 

to bring about a balance. 
The upward force, then, 
Ls proportional to the ex- 
tent of the surface of the 
piston. This principle, 
which seems so different 
from what we should 
naturally expect, is referred 
to as the Hydrostatic Para- 
dox, and is utilised in the 
Hydraulic Press, called, 
after its inventor, the 
Bramah Press, which is 
shown in Fig. 9. Here 
we liave exactly the con- 
dition of things just described, two cylinders in connection, 
with pistons fitted into them, one much larger than the other. 



Fig. 9.— Hydraulic Ptcsb. 
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IQlB application of a comparatively small force to the small one 
is felt on the larger one, and it is as many times greater in an 
upward direction as the piston of B is larger in area than the 
piston in A. This groat upward force is being used in the 
instance shown in the diagram to comjircss bales of wool. 

IiiQuids can be separated into Drops which will run 
together again. — Licpiids are able to form drops because of a 
property, known as cohesion, whicli they possess. The larger 
the drop which can be formed the greater is the cohesion between 
the particles of the li<iuid. 

Cohesion is the mutnol attraction which the molecules of a body 
exert upon one another; it is, indeed, the force which keeps the 
particles of a substance together. Cohesion is strongest in solids, 
which in its absence would crumble into i)owder ; it acts 
between the particles of liquids, but in gases it may said to be 
absent. 

The following experiments beautifully show* this property of 
liquids : — 

Exft. 16. —Sprinkle some powdered resin on a board and 
then a little water. Notice the water collects in drops; the 
smaller they are, the more neirly spherical they are. Observe 
the same thing with mercury on a .sheet (;f paper. 

Expt. 17. — Mix methylated spirit and water until a few 
drops of oil just float when the mixture is (ijuite cool. Pour 
fresh oil, by means of a pipette, into the middle of the mixture. 
Notice spherical globes of oil can thus be formed. 

Exi*t. 18. — Observe that drops once formed can be nuide to 
run together again by coming in contfict. 

It will be as well before leaving this subject to leani in what 
way cohesion diflei-s from another similar property possessed by 
some kinds of matter and which is known as adhesion. Adhesion 
denotes the attraction between unlike particles of matter. A 
metal plate may be made to adhere to glass ; and a postage stamp 
may be said to exhibit the existence of the force of adhesion when 
it is stuck upon an enveloj)e. 

Another experiment will make clear the diflerence between 
this adhesion exhibited between the postage stamp and the 
envelope and the force of cohesion : — 

Expt. 19. — Carefully clean and polish two pieces of plate 
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glass, and then place one on the uthe. . The two surfaces will 
be found to c< there, and considerable force will be re<}uin*d to 
sepai'atc them. ^ 

Distinctive Ouaracters op Gases 

Characters of Gases. — It has already been explained that the 
leading difference between a solid and a liquid is the power of 
llowing which the latter iK)Bsesse8. Gases also possess fluidity, 
find to a much more marked degree than liquids. Put whereas 
liquids are almost inconijiressible, gases are very easily com- 
l)ressed into a much smaller space jiccfirding to a definite 
law, viz., just in that proportion in which you increase the 
pressure im a gas do you decrease the volume which it occupies. 
Nor are these the only differences. A liquid always adapts 
itself to the shape of the containing vessel, and presents a level 
surface at the top ; a gas, on the other hand, will, however small 
its volume, immediately spread out and do its best to fill a vessel, 
however large ; and it does not present any surface to the sur- 
rounding air. We can never wiy exactly whore the gas leaves off 
and the air begins. Another distinction will be more fully 
appreciated after we have considered the action of heat upon 
the volume of bodies. We shall learn that, geneially speaking, 
all bodies get larger as they are heated ; this is very much more 
decidedly the case with gjvses than with lic^uids. Gases, then, 
are easily compressible and expand indefinitely. 

We shall learn that gases expand equally when heated to the 
same extent, but this fact and others will be much better under- 
stood in their proper places. 

Constancy of Weight in different States.— When a solid is 
converted into a liquid, or a liquid into a vapour, no change of 
weight is experienced. This lias been found to bo true in aU 
cases, and the following experiments will illustrate the fact : — 

Expt. 20. — Boil water in a flask or a retort, as in Fig. 10, 
and catch the condensed steam, taking care that none escapes, 
in another flask kept cool by resting in water. The water thus 
collected will be found to have the same weight as that boiled 
away. 

Expt. 21. — Place a piece of ice in a flask suspended from 
one arm of a balance. Counterpoise the flask with the ice in 
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it ; then melt the ice by warming the flask, and show that the 
counterpoise is unaltered. 

Expt. 22. — Put some warm water in a flask and some salt in 
apiece of paper. Counterpoise the flask of water and the 
paper of salt together and then dissolve the salt in tlie water. 
The total weight remains iinaltcro<l. 

No kind of Matter can be destroyed.— *There is a ccrttiin 
fixed amount of matter in the universe which never gets any less 
and never any greater. If we confine our attention to the eaith, 
we cannot say that it never receives an addition to the matter of 
which it is built, for every year it is receiving numbers of small 



Fio. 10. — Condensutioii of Steam. 


solid bodies which arc continually falling upon its surface from 
outside space. But the proijosition means that in those cases in 
which it is popularly supposed there is a loss of matter, for 
instance when a fire bums out, no such destruction lias taken 
place, but only a change in the form assumed by the matter. 
It will make the statement quite clear if we follow out what 
really takes place when a candle bums, and, as it would seem, 
gradually disappears. 

Expt. 23.— (h'era burning candle hold a white glass bottle 
which ^ been carefully driefl inside and out. Obson-c tliat 
the inside of the bottle becomes covered with mist and after a 
short time drops of liquid are formed which run down the 
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sides of the bottle. Tfm burning of th^ caadle haa rmUUd in 
the formation of a 'new form of nuitter. 

Expt. 24. — Allow the candle tc bum in a similar bottle 
placed on the table. After a time the candle ceases to burn 
and when this has liappened take the candle out and cover the 
bottle over with a glass plate. Notice that no change seems 
to have taken place in the gas which filled the bottle. Now 
jibur some clear lime-water into another clean bottle and shake 
it up^^the lime-water remains clear. ^ Lift off the glass plate 
and do the same with the bottle in which the candle has been 
b;lrnt, the lime-water turns milky. The hurnhuj of the candle 
has also resulted in the formation of a new kind of matter^ 
a (jas v:hich turns clear lime-ivatcr cloudy. 


Evidently, then, when a candle burns it ceases to exist as 
tallow or wax, or whatever the candle is made of, and assumes 
new forms, still material, one lujuid, the other a gas which turns 
lime-water milky. If we were to weigh all the liquid formed 
and all the gas which turns lime-water milky, we should find 
that these two things together 


actually weigh more than the jmrt 
of the candle which has disfip- 
peared did. The reason why 
there is an increa^ of weight 
will l)e explained later. The 
arrangement for performing this 
experiment is shown in Fig. 11. 
The cjindle is burned in a wide 
tube, A, fitted with a cork at 
the bottom with holes in it to 
allow the air, which is neces- 
siiry to help the candle to burn, 
to pass in as shown by a bent 
arrow. Tlic tube B is filled with 



a subsbiiice which has the power tVMi.-AriKiratus to show that no 
of arrestmg the products of the burns, 
burning. Such a substance is 

caustic soda, which is used in the form lumps. Air is drawn 
through the api)aratus as shown by the arrows. 


^ There may he a alipchl milkinesa owing to the presence in the air of the gas 
which is formed. If so the exi»erimont must be made coiai>arativu 
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Before the experiment is started, the candle is weighed and 
also the tube containing the lumps of caustic soda. After the 
experiment the same things are weighed over again. It will be 
found that the tube B has increased in weight to a greater extent 
than that of the candle has been diminished. We are quite 
sure, therefore, that there has been no loss of matter. 

Chemists have satisfied themselves that this is universally true, 
and it must be remembered as a truth of the highest importance, 

matter is indestructible. 


Chief Points of Chaftek I. 

Hatter. — When we speak of matter we iiienn all tilings which 
exist in or out of our world, which we can become aw'are of liy the 
help of our senses. 

Properties are certain effects caused by the things which are said 
to possess theitt;. 

PropertiM posBessed by Hatter. — Matter occupies space, offers 
resistaaoe, possesses weight, and transfers motion to other things 
when it striKes against them. 

The Bame Hatter can exist in three different States.- - The three 
states of matter are the solid, dqnid and gaseous. By suitable 
means, as in the experiments described in the chapter, the same 
portion of matter can be made to assume these states in order. 
Sometimes the change from one state to another is gradual, some- 
times sudden. There is no hard and fast line between the three 
conditions of matter. 

Distinctive Characters of Solids.— A solid body does not readily 
alter its size or shape. It will keep its own volume and the same 
form unless subjected to a considerable force. Or, we may siw solids 
possess rigidity. 

Solids possess Elasticity, Tenacity, Ductility and Hardness. 

Elasticity is the tendency to go back to the original form or volume 
after being forced out of it. 

Tenacity is measured by ascertaining what weight is necessary to 
break solids when in the fonn of wires. 

Ductility is the propoHy by virtue of which solids can be made 
into wires. 

Malleability is a similar property to ductility wliich enables 
certain solids to )>e lK^^^>ten out into sheets. 

Hardness is the property by virtue of wdiujh solids offer resistance 
to being scratched oi worn by others. 

Distinctive Characters of Liquids. -A licpiid ailapts itself to the 
shape of the vessel containing it. but tlie conditions remaining tlic 
same, it keeps its own size or volume, however much its shape may 
vary. 

Liquids possess Fluidity.— -When a liquid is not held by the sides 
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of a vesael, it at once flows. This power of flowing is not perfvrct in 
liquids, or we may stiy, liquids are not perfectly mobile. I’hey all 
possess a certain degree of < <VoAt;7y. 

Other Properties of Liquids. — They find their le»'el. They com- 
mujiicate pressure equally in all directions. Thej’ can Ije separated 
into drops which will run together again. 

Distinctive Characters of Gases. — They possess fluiility to a much 
more marked degree than Irquids. Unlike liquids they can easily 
he compreKsed ijito a much .unaller space. A gas, however small its 
volume, >vill spread out and do its Ixjst to fill a vessel, however 
huge. Expressed shortly we say, gases are easih" coJiipressihle and 
expand indefinitely. 

Constancy of Weight in different States. — When a solid is converted 
into a liquid, or a licpiid into a vaisjur, no change of weight is 
experienced. 

Matter is Indestructible. — There is a certain fixed amount of 
matter in the universe wdiich never gets any less and never any 
greater. Whatever cliaiigos may occur in the coinposiiion of matter 
there is never any loss of weight. 


Qt^KSTroNS os Chapter 1. 

1. What do you understand by “matter,” or, a “material 
thing ” ? 

2. (liv(j some of the properties w'hicli are possessed by all kinds of 
matter and explain in your own words what is meant by a 
property. 

3. Describe cx})criments which prove : — 

(m) I’hat solids are porous. 

(O) That lifjuids, too, contain pores. 

4. What experiment could you perform to .show' that a solid, say 
a billiard ball, is elastic ? Explain as well as you can w hat yoli 
mean by elasticity. 

5. The same portion of matter can, under suitable conditions, 
^siime diflerent states. Describe fully some experiment which 
illustrates this statement. 

6. What evidence can you give that the diflerent states of matter 
gradually shade into one anoUier Y 

7. What properties are generally associated with mutter in the 
solid form ? Give a definition of a solid wliieh includes the chief of 
these. 

8. In what respects are liquids tliflerent from solids Y 

0. How do gases and liquids diftcr ? 

10. What property in i>articular is possessed by liquids and not 
by solids? And what character has a gas whicJi neither liquids nor 
solids possess ? 

11. What property is it which liquids possess which enables them 
to form drops ? Describe another exjicriment wdiich also shows the 
possession of this property by liquids. 

12. Give in the form of a definition the distinctive properties of a 

c 2 
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liquid. What name do we give to the property which prevents 
liquids from being perfectly fluid and what do you know about it ? 

13. Describe expei’iments in support, of the assertion that liquids 
communicate pressure equally in all directions. 

14. What is meant by the “ hj^lrosUtic })ara(lox”? Describe 
some useful apparatus in which this principle is utilised. 

1,5. How would you show by exjMJi’iment that the weight of the 
same portion of matter in difterent states is constant. 

Hi. On what grounds is the assertion tliat “Matter is inde- 
structible ” based ? 



CHAPTER II 


UXITS OF LRNfJTH, AllEA AXD VOLUME 


Measurement of Length. — We have from time to time in 
the jireceding chapter referred to lengths as being of so many 
yards, or feet, or centimetres, and it is desirable, before going 
hirther, to aciiuaint the student with the exact significance of 
those and other measures of length. It is clear that before 
comparing any one length with any other we must Iiavc some 
standard to wdiich we can refer them. In this country’ the 
still idard adopted is the length between two marks on a platinum 
bar kept at the Exchequer Chambers, the bar being at a ceiiiain 
fixed temperature when the measurement is made. This length 
is (^uite arbitrary and is called a yard. The y.ird is subdivided 
into three equal iwirts, each of which is a foot. The foot is in 
its turn divided into twelve e<pial parts, calleil inches. Multiples 
of the yard are also used and special names given to them, 
thus : — 


2 yards 
hj yards 
40 ])ole8 
8 furlongs ) 
1,760 yai-ds S 


=5, 1 fathom. 

=a» 1 rod, pole, or perch. 
=5 1 furlong. 

= 1 mile. 


Wo have given these in full to show how clumsy and unsatis- 
factory the British measures of length are, and to point out 
that it is for this reason they are not used in scientific work, 
even by British men of science. 

French geometricians decided that such an arbitrary standard 
was, in view of the chance of its loss or destruction, an undesir- 
able one, and suggested that if a fraction of the circumference 
of the earth were taken they would, in the event of the loss of 
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tba standard, ho easily able to replace it by an exact copy. 
They ])r()posed the one ten millionth part of the earth’s 
(piadrant, of the distance from the equator t(» the pole, as a 
suitable length, and this they Ciilled the metre. After bars had 



been prepared t)f this length it was unfortunately 
found that tlie length of the quadrant had not 
been exactly determined, and conse(|uoiitly the 
length of the sLuidard metre at Paris is arbitrary, 
and we must deiine the sbindard metre as being 
the length at a certfvin temperature Iwtwcen two 
marks on a platinum bar kept at Pans. It is etpial 
to ‘37079 inches. The metre is subdivided into 
ten equal parts, each of which is willed a deci- 
me'tre, tlu> tenth part of the decimetre is called a 
centimetre, and the tenth part of the centimetre 
is known as a millimetre. Thus we get 


10 millimetres 
10 centimetres ) 
100 millimetres ) 
10 decimetres *1 
100 centimetres > 
1,0(X) millimetres J 


= 1 centimetre. 
— 1 decimetre. 

= 1 metro. 


The multiples of the metre are named deka-, 
heebo-, and kilometres. Their value is seen from 
the following table : — 


10 metres — 1 dekametre 
100 metres = 1 hectometre 
1,000 metres = 1 kilometre 


The kilometre is equal to about three-fifths of a 
mile. 


Exercises in Linear Measurement.— Exrr. 
25. — Procure a rule divided into inches and paits of an inch 
on one edge, and centimetres and parts of a centimetre 
on the other. Measure the length of this page both in 
inches and centimetres ; alsi» determine other lengths in the 
two systems of measurement. 

Put down the results in jiarallel columns, as shown below, 
and from them calculate the number of centimetres in an inch. 
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j ill PoiitimctrcH. 

I 


E\ IT. 2G. - Draw a line a metre long iiiid oi le a yard long close 
to it. Measure the length of 1 lie metre line in inches and 
fractions of an inch, and the length c^f the yard lino in centi- 
metres. In this way find 

Number of inches in one metro = 39-3. 

Number of centimetres in one yard = 91*4. 

Exit 27.-- Draw a line one foot long and fin<l its length in 
ccuitimetres ; draw another a decimetre long and find its 
length in inches. In this way determine 

Number of centimetres in one foot = 30*5. 

Number of inches in one decimetre = 3*9. 

Exit. 28. —Measure the length of your desk, or of a table, 
or other convenient object, in inches and decimals (tenths) of 
an inch. Determine the same length in metres and decimals 
of a metre. Use the results to determine the number of 
inches in a metro, thus : - 


liOnijth ill inclicH. 


N«). of cciiUiioares. 
No. of ii .‘hes. 


Lcugth in im l.os. Length in metres. 


No. of inchi.s^ 
No. of metres. 


Relation between British and Metric Units of Length.— 

The exact relations between linear measures in the British and 
Metric systems of units are showm in the following tables, and 
also in Fig. 13. 

Metric to Britiah. 


1 millimetre — 

1 centimetre == 
1 decimetre = 
1 metre =- 
1 metre — 
1 metre = 
1 kilometre = 


0*039 inch. 
0*394 inch. 
3*937 inches. 
39*371 inches. 
3*281 feet. 

1 *094 yards. 
0*621 mile. 
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British to Metric. 

1 inch — 25 ’399 iiiillimetros. 

1 foot - () 305 luetre. 

1 yard — 0*914 metre. 

1 mile = 1609*000 metres. 

“ 1*609 kilometres. 

Simple application of Measurements of Length.-- 

Expt. 29. — Measure the circumference of a glass bottle by 
winding a strip of paper around the curved 
surface and marking the point Avliere the 
edge meets the commencing corner. Deter- 
mine the length of the jmper from the 
corner to the mark by measuring it with a 
centimetre scale. Next measure carefully 
the diameter of the bottle. Repeat the 
experiment with other objects, such as a 
cylindrical canister or a wooden cylinder 
or disc. Set down the results in parallel 
columns and \ise them to find the ratio of 
the circumference of a circle to the dia- 
meter. 


I 


I 

a 

I 

•e 


Diameter. 


Cireiimfcroiice, 


Oireumforonco. 


Diameter. 


•C 

t . 

2 

^ Measurement of Area. —In describing 
the measures of area (()r space of two di- 
£ mensions) according to the English system 
wo use the same names as when liieasuixis 
of length are referred to, simidy prefixing 
the word Hquare. I'hus we speak of square 
inches and square feet, and since there are 
12 linear inches in a linear foot, there will 
be 12 X 12 = 144 square inches in a sc^uare 
foot, find sirndarly throughout the measure. 
In the same way it is the custom to speak 
of an area, as of so many square centimetres, or square metres, 
as the case may be, 
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144 sf)uarc inches 
9 s(iimro feel = 

:«»] sijuaro yards = 
40 s<j[uarc poles — 

4 roods — 

G40 acres = 


Fo'iliHh UrtiU of Area. 


1 srjuarc fool. 

1 s<{iiare yard 

1 Kipiaro rod, or perch. 

1 rood. 

1 acre. 

1 square mile. 


Tfnits of Arm in five Metric System. 

100 square millimetres == 1 sc^urre centimetre. 
lOjOiM) square millimetres 1 ^ , . 

100 square centimetres / = ^ 

1,(XK),000 square millimetres 
]0,0<K) .scpiarc centimetres 
100 square decimetres 
10 centiares = 1 deciaro. 

10 deciares = 1 are — 1 scpiare dekametro. 

10 ares ~ 1 dekare. 

10 dekares — 1 hectare — 1 square hectometre. 

Exercises in Measurement of Areas.— Expt. :!().— Draw 
several right-angled triangles (as in Fig. 14) and carefully 
measure the lengths of the sides of each of them. 


) — 1 square metre, 
= 1 ceutiare. 


/ 



Square each of these numbers and set down the results in 
parallel columns, as hero shown : — 


(AH)2. 

(AC)2. 

; (AB)3 + (AC)tf. 

(13C)2. 

1 

] 

! 



This is not only an exercise in measurement, but the results 
will show that the square of the longest side of a right-angled 
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triangle is equal to the squares of the two other sides added 
together. 

Exrr. .‘U. — Draw a s<|iiare inch and a K(|uare centimetre, 

side by side, as kIkjwii in 
Fig. 15. 

ExrT. 32. — Draw a square 
decimetre and divide it into 
I Sq. itV. square centimetres, as shown 

on a reduced scale in Fig. 16. 

iS .cm. s(]uare is thus 

shoAHTi graphically to be equal 

to the length multiplied by 

Fto. ir,.^F^uarcni.ch imd Square height. Now draw two 

or three oblongs and deter- 
mine their areas by means of this rule. Determine the areas 
of the scjuare and oblongs both in square inches and stjuare 


tSi^.cm 


Fto. Ifi. — Squ.arc Inch and Square 
Centimetre. 



Fig. 16.— Square divideni into Units of Area. 

centimetres, and use your results to find the number of 
square centimetres in one square inch, thus : — 


Area of a given rectangle Area of same rectangle Square centimetroB. 


in square inches. 


in square centimetres. 


Square inches. 
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Exi»t. — DraAV a square foot /ind a square decimetre and 
find the number of square decimetres in tlie square foot, and 
tbe fraction which one square decimetre is of one square foot. 

Expt. 34. — If convenient, dr/iw a square yard and a squnn 
metre upon a blackboard or a large sheet of paper. Determine 
the area of the s(iuare yard in decimals of a square metre and 
the area of the square metre in sfiuarc yards. To obtain the 
latter result, the numlier of sfj[uare inches in one square metre 
is determined, and the result divided by the number of square 
inches in a square yard. 

Relation between British and Metric Units of Area. — 

These exercises have shown roughly the relation between the 
measurements of areas expressed in the metric and British 
systems of units. The exact proj)oi*tions which the units of are«-» 
in tlic two systems bear to one another are shown in the following 
table : — 

Metric to British. 


1 square centimetre 
1 square decimetre 
1 S(piare metre 


0*155 square inch. 
15*500 square inches. 
10*764 square feet. 

1 *196 square yards. 
119*603 sepTare yards. 
2*471 acres. 


1 are (100 square metres) — 
1 hectare (10,000 square metres) = 


British to Metric, 

1 square incli = 6*451 square centimetres. 

1 squaix^ foot = 9*289 square decimetres. 

1 square y aid = 0*836 S(|uare metres. 

1 acre = 10*117 ares. 

1 sfpiare mile = 258*989 hectares. 

Detenninations of Axeas. — It has alreiwly been explained 
tliat the area of a square 
or an oblong Ciin be de- 
termined by dividing the 
figure into units of area 
and counting the number 
of units. Paper can be 
procured divided into 
squares of a definite size, 
similar to those repre- 
sented in Fig. 17. By 


i 


A E B 

flQ, 17.— -Tho Area of the Parallelogram 
GABD is tbc same as that of the Obloug 
CSFD. 
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means of “H(|uared” paper of this kind, the area of any figure 
can bo found by drawing the figure upon the paper and count- 
ing the numl)ev of scpiaroa embraced by the l)oundary lines. If 
‘‘Kfpiarod” paper is not available, the area is stiJl easily found 
liy dividing it up into 8(]uare centimetres with a T-square and set 
squares. 

Expt. 35.-- Draw an oblong, such as CEFD (Fig. 17), upon 
squared paper and find the number of squares it conbiins. 
Draw a parallelogram CARD with a base ecjual to the base 
of the oblong, and a height equal to that of the oblong. Count 
tlio number of sfiuares in the parallelogram (counting the por- 
tions of scjuares as quarters, halves, and three-cjuarters). Hie 
numbi^ will be the sfime as that found for thci oblong. No 
matter what parallehjgram is drawn, the area will be found b) 
l)e the same as that of an oblong on the same base and liaving 
the same height. 

Expt. 3(5. — Draw a paralleh>gram on ])aper or thin card and 
then cut it in two from comer to corner. You have now 
two triangles, and by laying one on the other you will find that 
they fit and are equal. 

Exi*t. 37. — Draw any irrogalar figure u])on squared paper 
and count the number of squares embraced by it. If the size 
of the squares is known, the area of the figure c/vn be deter- 
mined in this Avay. The area of any irregular figure can 
evidently be determined by tracing the figure uj^on scpiared 
paper and counting the numl)er of squares included by the 
outline, or by actually dividing it into square centimetres as 
Hho^vn above. 

Measurement of Volume. — When we come to measure 
volumes we are dealing with three dimensional spaces ; and 
just as a plane surface or area measuring one foot in each of 
the directions, length and breadth, is called a sej^uare foot from 
the name of the figure which it fonns, so a solid which is ob- 
tained by measuring a foot in three directions, at right angles, 
length, breadth, and thickness, is called a cubic foot, from the 
name culm given to the solid so formed. Similarly using the 
metric system, wo may speak of a cubic metre, or a cubic 
decimetre. 

The amount of sy)ace enclosed by a solid figure is called its 
ijoiifcme. The volume of a solid is the space it occupies or its 
size. The volume of a vessel is the amount of space it encloses. 
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In the metric system a special name is given to the volume of a 
cubic decimetre, that is, a cube having a decimetre ed^e. It is 
called a litre, and is equal t<» about one a*'d three-<|uarters 
English pints. The sub-niultiples and mulHples of a litre a^e 
named in a similar way to thosu of the metre. There is no 
such simple relation between the iiieasures of length ami volume 
in the English system, though the gallon is defined as a measure 
which shall contain 10 lbs. of pure water at a certain tempera- 
ture and pressure. 

British Units of (Jvhie Meamrt or Volume, 

1728 (= 12 X 12 X 12) cubic inches = 1 cubic foot. 

27 (= 8 X .‘1 X 11) cubic feet 1 cubic yard. 

Units of Volume in the Metric System. 

10 Oenti-litres = 1 deci-litre. 

10 deci-litres = 1 litre = 1 cubic decimetre. 

10 litres = 1 deka-litro. 

10 dekfi- litres = 1 hccto-litre. 

10 hecto-litres = 1 kilo-litre — 1 cubic metre. 

Exercises in the Measurement of Volumes.— Expt. 138. 
— Cut out a cubic centimetre and a cubic inch from a piece of 
Koai», or procure 
them made in wood. 

If possible, procure 
also a cubic deci- 
metre divided into 
centimetre cubes 
like the cubic foot 
shown in Fig. 18. 

Place one cube alone 
on a table ; then add 
nine more to it, so 
as to make a row of 
10 cubic centimetres 
tlU C. cm.). Jrlace cubes, a Blub of 12 i-owh, and a cube of 12 hIu)^. 
10 such rows uj)on 

one another cind there are 100 c. cm. ; and 10 such slabs of 
100 c. cm. each make altogether 1,000 c. cm. One cubic 
decimetre is thus shown to contain 1,000 c. cm. 
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The exercise also demonstrates that volume involves length, 
height, and breadth. 

Expt. 39. — Constinict a cubical box of a decimetre edge 
out of cardboard, and make it water-tight by varnishing. 
The capacity or volume of such a box is a cubic decimetre or 
a litre. Make similar boxes 1 cubic centimetre and 1 cubic 
inch in capacity. 

Expt. 40. — Procure a half -pint glass measure grjwluated 
into fluid ounces, and one graduated into cubic centimetres. 
Use these glasses to determine the number of c. cm. in a 
half-pint, and the number of fluid ounces which are ecjual to 
c. cm., that is, 1 litre. 

Expt. 41. — Fill the cubic inch box, from Expt. 39, 
with water, and by pouring the water into the jar graduated 
into cubic centimeta’es, determine the number of c. cm. in a 
cubic inch. 

Relation between British and Metric Units of Volume.-- 

These exercises approximately show the relations between the 
units of volume or cai)acity in the British and metric systems of 
measurement. The exact cquividents ai*e as follows : — 


Metric to British. 

1 cubic centimetre = O’Ofll cubic inch. 

1 cubic decimetre = fll '027 cubic inches. 
1 cubic metre == 35*316 cubic feet. 

= 1*308 cubic yards. 

1 litre = 1*761 pints. 


British to Metric. 


1 cubic inch 
1 cubic foot 

1 cubic yard 
1 pint 
1 quart 
1 gallon 


= 16*386 cubic centimetres. 
= 0*028 cubic metre. 

= 28*315 cubic decimetres. 
= 0*764 cubic metre. 

= 0*568 litre. 

= 1*136 litres. 

= 4*543 litres. 


Simple Application of Volume Measurement.— The student 
cannot have failed to notice that the 


volume of a cube = area of the base x height 
( in, c. cm. or c. inches). (in, c.g.^ sq. cm. or sq. (in, e.g.. cm. or 

inches). inches). 
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The volume of any rectangular block, or of a cylinder, can be 
calculated by the applicfition of the same rule. Thifc, can b., 
easily understood by referring to the accompanying dw grams 
(Fig. 19). The base of each block illustrated is divided ink; 
units of area — sfiy, square centimetres. Jf we consider the cube 
to be divided into slices one centimetre thick, each slice could be 
divided into cubic centimeti’es, and the number of cubic centi- 
metres would be the same as the number of square centimetres 
ill the base. Hence, if the base liad an area of 30 square centi- 
metres, the slab 1 centimetre high would contain 30 cubic 
centimetres. Two such slabs w'ould therefore contain 60 cubic 
centimetres, tiiree slabs 90 cubic centimetres, and so on for any 
numlier of slabs. The volume of any block having the same 
width and brejultli all the way up may evidently be reasoned 






Fig. 10. — Volumes (jf llegulur Solids. 

out in the same inanner, being equal to the area of the base 
multiplied by the vei*tic;d height. 

To determine the volume of an irregular solid, we proceed by 
an indirect method as follows : — 

Exrr. 42. — Fill the cubic inch box with water and pour the 
water into a narrow glass jar or bottle. Make a mark upon 
the bottle level with the top of the water. Rejieat the opera- 
tion until the vessel is full of water. A bottle graduated into 
cubic inches is thus obtained, and it can be used to deter- 
mine roughly the volume of an irregular solid such as a piece of 
lead, a glass stopper, a few nails, or any solid heavier than 
water which will go into the bottle. Fill the bottle about 
three-ipiarters full of water, observe the level of the water, 
and then gently drop in the chosen object. From the rise of 
water-level which immediately takes place, the volume of the 
object can be estimated. 

Expt. 43. — Repeat the last experiment, substituting the 
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jar graduated into c. cm. The volume of the solid used, in 
metric units, is shown by the rise of the water above its 
original level. 

If the object is lighter than the liquid employed, a sinker inmle 
of letid or iron should bo employed. First find the volume of 
the sinker as in Expt. 42 ; then take the sinker out of the water 
and tie it with tlircad to the light object, and jilacc them both 
in the jar. The additional rise of le\’ul which takes jdaco will 
give the volume of the object itself. 


Chief Points of Chapter IT. 

XMpmnent of Length. — In the British system tlie standard of 
length is the yard. It may l>e defined as the length l>etween two marks 
on a platinum bar kept at the Exchequer Chambers, the bar being 
at a certain fixed temperature when the measurement is made. The 
yard is subdividc'd into feet and inches. The multiples of the yard 
are given on p. 21. 

In the metric system the standard is the>/?ryyv ; it may be defined 
as the length, at a certain temperature, between two marks on a 
platinum bar kept at Paris. It is etfual to 39*37079 inches. It is 
subdivided into decimetres^ centimetres and miUi metres. 1^1 ic multi pies 
are the dekametre., hccUmetre and Icitovnetre (p. 22). 

Measarement of Area. — In measuring areas or space of two dimen- 
sions, the same names ai*c employed as wdicii speaking of lengths 
with the word square prefixed. We thus get such temis as square 
foot and square decimetre. Since there are 12 linear inches in a 
linear foot tliere will be 12 x 12=144 square inches in a square foot. 
The British and metric units of area are given on p. 25. 

Measuremexit of Volume. — In measuring volumes, or space of three 
<limeusions, we employ, in the British system, such terms as ndde foot 
and cnhic yard. Since there are 12 linear inches in a linear foot 
there will )je 12 x 12 x 12 = 1728 cubic incljes in a cubic foot. 

In the metric system a special name is given to a cubic decimetre, 
that is to tlie volume contained by a cube having a decimetre edge, 
it is called a litre and is e(pial to about one ami three-quarters 
hhiglish pints. The names of the multiples and sub-multiples Of the 
litre are fonned in the same way as in the case of the metre (p. 29). 

Belation between British and Metric Units in the cases of length, 
area and volume arc given in the course of the chapter and should 
be carefully examined by the student. 


Questions on Oh after II. 

1. What is the necessity for units of length, area and volume? 
What is the unit of length in common use in this country and how 
may it be defined If 

2. What is the unit of length in the metric system? What rcla- 
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tion was it originally meant to boar to earth’s circumferencse ? 
How would you define the metric unit of length in common use ? 

3. What advantages do you associate with the use of the m^'tric 
system ? 

4. Give the multiples and sub-multi jdes of the unit of length in 
the ilritish system. How are they related to one unolher? 

5. What names are given to the multiples and sub-multiples oi 
tJie metre ? Compare the metre and the yard in terms of one 
another. 

(I. Compare and contrast- the British and metric systems of area 
ami volume, 

7. Explain how ilie metric units of volume ami length are 
related. Is there any such simple relation in the casi; of Britisli 
units ? 

8. Describe an experiment for determining the volume of a solid 
heavier than water. 

J). How would you proceed to find out the volume of a cork or a 
deal cube? 

lb. Write down the length of a metre in yards, feci and inches* 
How many centimetres are there in a metre, and how many milli- 
metres in a centimetre. 

1 1. How many millimetres and centimetres are equal to the length 
of an inch. 



CHAPTER III 

UNITS OF TIME, VELOCITY AND ACCELERATfON 

The Earth’s Rotation.— TIlc ap^iaieiit daily luotiun of tin; 
sun and sbirs across the sky is a direct conse(iuencc of the 
earth’s rotation on its axis. The sun appears to regularly go 
through certain periodic changes of position. It rises, travels 
higlier and liigher into the sky, reaches its liighest position, 
sinks lower and lower, and finally sets. When the sun is at its 
liighest altitude on any day it is due south, and is said to sottth 
or be sonthhyj. The interval of time between tlie sun’s highest 
position on any one day to its con'osponding position on the 
next succeeding day is an apparent solar day. These fipparent 
solar days vary in length throughout the year. 

Expt. 44.— Fasten a small rod at right angles to a Hat/ 
board. Place the board flat on a table so that the rod is 
vertical. Move a candle in a semicircle above the biblc, and 
note the change in the angle that the shadow of the rod 
makes. Coniiiare the conditions of the experiment with the 
measurement of the solar day by means of a sun-dial. 

Mean Solar Day.— It has been pointed out that the length of 
days measured by the sun varies throughout the year, hence no 
single one of these days will do for a convenient standard of time. 
But if the lengths of all the days in the year be added together, 
or the length of a year measured by the sun be divided by the 
number of days in the year, we obtain an inteiwal of time which 
is always the same. Such a day, which is of course an imfiginary 
one, is called a mean solar day. Sometimes the mean solar day 
will be longer than the solar day, .sometimes it wdll be shorter, 
and occasionally both days will be of exactly the same length. 
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Solar time i» known as apparent time, and clock time as naMii 
iinie. 

Sidereal Day.— Just as in the Cjise of tJie sun so wivli ali the 
stjirs, they rise, south, and set. But whereas with the sun the 
inivrvivl between two successive southings varies throughout tli« 
year, it is found that the time which elapses between two 
,succ<?eding southings of a sbir at any season of the year is 
always the Mune. This iiiterval constitutes a star or sidereal 
day. 

Period of Rotation of the Earth.— As the apparent motions 
of stiirs across tlie sky are jirfslucod by tlie rotivtum of the earth, 
it will be evident that the exact time of robition can be deter- 
mined by finding the interval which elapses between two 
successive returns of any particular star to the same point of the 
sky. A stjir may, indeed, be regarded as a fixed reference mark 
under which the earth turns ; so that by observation of it we are 
able to determine the time taken by the earth to spin round once. 
Tlio interval between two successive transits of the same sbir, or, 
jis it is called, a sidereal day, is the time of sucJi rotation. 

No matter what star is selected for observation the interval is 
the same, thus showing that the earth is a rigid body, and that 
all parts of its surface have the same angular velocity. 

Units of Time. — The sidereal day, like the mean solar day, 
is subdivided int(» hours, minutes, and seconds, but as the latter 
is four minutes longer than the former, the units are not of the 
sjiine value. We may take either the mean solar secoinl as the 
unit of time, or the sidereal second. In tlie former case the unit 
is ftiunded on the average length of the solar day, and in the 
latter upon the length of the invariable star day, or the time of 
rotation of the earth upon its axis. But in either case the 
second, that is, the unit of time, is the 86,400th jiart of the 
day used. 

Til jihysical measurements the unit of time adopted is the 
mean solar second, that is, it is foundoil on the average time 
required by the earth to make one complete rotation on 
its axis relatively to the sun considered as a fixed point of 
reference. 

Instruments for Measuring Time.— We need only concern 
ourselves wdth the modem contrivances for measuring time, viz., 
clocks and w'atches. It will be sufficient to regard tliese as in- 
struments for measuring intervals of time in terms of the mean 
aolar day to w hich attention has been dii’octed. In a clock the 
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rate is regulated by means of the i)eiiduluiii, the properties of 
which can be best understood by an experiment. 

Exit. 45. — Attach a weiglit to the end of a cord. Fix the 
cord in such a way that the ]»endidum can oscillate freely. Set 
it oscillating, and notice how long it bikes for the ])endulum to 
complete a given number, say twelve, swings. Kcei)ing the 
coni exactly the same length, atbich a lieavicr weight and 
repeat the exj)eriment. The time of swing remains unaltered. 
Keeimig any one weiglit, observe the time taken to comjdetc 
twelve swings when the length of the coni is varied. It will 
be seen that the time of swing varies with the length of 
the cord. Notice also that it does not matter if the pendulum 
makes a wide oscillation or a very small one, the time tiiken 
being the same. 

Tf it were possible for the student to jierform the experiment, 
it would be found that the time bikeii for the pendulum to 
swing backwards and forwards varies as it is biken from the 
e(juator to the jioles, on account of the fact that the earth is not 
exactly spherical in shape. Or, jiuttiug the same fact in another 
way, in order that a pendulum may swing backwards and for- 
wards in the same interval of time, it is necessary to alter the 
length of the cord in our experiment as >ve travel from the 
e(juator towards either iiole. A pendulum of such a length that 
the distance from the point of suspension to tlie centre f>f the 
bob is 39*139 inches, swinging at Greenwich, comiiletes one 
swung in a second of time. In a clock ive have a mechanical 
contrivance for maintaining the swinging of a pendulum. We 
must content ourselves with referring the reader to books on 
astronomy and horology for an account of the construction of a 
clock. In watches the place of the pendulum is taken by a care- 
fully suspended balance wheel. 

Definition of Motion. — The word motion is meant to convoy 
the idea of cluimje of place. The sim])lost forms of motion are 
changes in the jiositions of bodies w*ith regard to one another. 
When a boy runs dt)wn the street he is in mot am ; as regards the 
houses and lamp-])osts he moves. To fully describe the boy’s 
motion it would be necess;iry to know the direction in which he 
is moving or the line along which he runs, and the rate or 
veltH'itij with which he travels. 

Velocity.— Velocity is, then, the rate at which a body moves, 
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or tlio number of units of length it moves over in a unit of timo. 
Velocity may be cithei vuifonn or variable. In the case of our 
boy, if during every second through which he moves he travels 
over a line of five yards in length, w'e should say he hjid a 
to -/or m velocity of five yards a second. But suppose this hr>y 
d(jes not move regularly over five yards in every second ; iie 
sometimes dawdles, sonudimes sto[>s to look at a shoji, at othc*]* 
times ho puts on a sjmrt to make up for lost time. How should 
we describe liis motion now ? His rate varies from time t-o time, 
or Ills velocity w rariahle^ and to describe such a variable velocity 
it is usual to speak of the velocity at ainj hintaui as being a 
certiiiii number of yards per second. Say the boy of our 
example, moving with a variable velocity, has at a given in«tjint 
a velocity of eight yards per second. We should mean that he 
would, if he continued to move at the siime rate as he had at the 
given instiint, travel over eight yards in the succeeding second. 

Average Velocity. — But it is sometimes better to find the 
areraijo Mocii\f of the moving bialy. Iletuming to (*ur boy, 
suppose ho travelled 8(X) yards in 400 seconds ; if we divide the 
first Jiumber by the second we obtain the boy's average mte, 
namely, tw(» yards in a second ; this, then, is the rate with 
which he would have had to travel, if he moved uniformly, in 
order to comjdete his journey in the same time. 

Tin* unit of velocity is the velocity of a point which passes 
over tlu5 unit of length in a unit of time ; it is generally taken 
as being a velocity of one foot j)er second. Thus a velocity of 
six means a velocity of six feet i>er second. 

Measurement of Uniform Linear Velocity.— Tt is a rcry 
simple matter to calculate the velocity of a body nu)ving 
uniformly in a straight line when wo know the distance it has 
travelled, measured in units of length, and the time it has biken 
to perform the journey, measured in units of time. Thus if wc 
2t}pr(.‘sont the s[Mice it has jiassed over, measured in units of 
length, by the letter -s*, and the time taken, measunsd in units of 
time, by the letter f, all that we have to do in order to find its 
uuifoi'm velocity is to divide the number of units of length 
jiassod over ])y the number of units of time taken to complete 
the disbince, or — 


uniform velocity (r) 


no. of units of length passed over _ s 
no. of units of time taken t 



or 
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Example. — A train, travelling at a niiiform mte, comijlctos 
a (liatance of 10 miles in 15 minutes ; what is its velocity in 
feet per second ( 

Answer : 10 miles = 10 x 1,700 x 3 feet = 52,8(X) feet 

15 minutes = 15 x 00 = 900 seconds 

. * , since ~ f 

52,800 rQo , . , 

V = - -^wT — 582 second, 

9lKJ 

or the train travels at a iinifonu velocity f)f 58|j feet in every 
second. 

Acceleration. — An express train starting from a tei’minus 
begins to move slowly, and, as the journey proceeds, the rate of 
motion goes on increasing until it gets its full speed. A stone 
let fall from a height similarly starts from rest, and as it moves 
it goes faster and faster until brought to a standstill again on 
reaching the ground. Or we might imagine a cyclist staiting for 
a run, and regularly increasing his speed until he could not go 
any faster. Tn all these examples the velocity of the moving 
body has regularly increased and the rate at which the change has 
tJiken place is sjioken oi as acceUmlion. 

Acceleration is the Bate of Change of Velocity.— But it 
may be of an exactly opposite kind to the instances given above. 
Reverse each of the examples and consider what hajTpens. An 
express train going at full speed approaches a sbition and its 
velocity is regularly diminished until it is })rought to rest at the 
])latform. A stone is thrown upwaids with a ceitain velocity, it 
moves more slowly and more sltiwly until it comes to rest, and 
then stiirts falling. A cyclist travelling at full speed slackens 
his rate regularly until he comes to a standstill. In all these 
cases we have examples of an acceleration of an exactly op])osite 
kind to the previous instances, but yet an acceleration. In 
ordinary language this kind of acceleration is given a name of its 
own, retai’dation. 

Measurement of Uniform Acceleration.— In measuring a 
regular or uniform ncceleiution, we must know what addition to or 
subtraction from the velocity of the moving boily there has been 
during each second of its journey. Suppose there is an addition 
of one foot per second to the velocity of a moving body, and 
that it has taken one second to bring about this change, we 
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should refer to this as mi acceleration of one foot per second in 
a second, or one foot per secotid per second. An acceleration which 
increases the velocity is referred to as |x>.si^wv, while that which 
diminishes it is neffatire. Tlic first examples j^iven above are 
in^lances of positive acceleration, while when wo reverse them 
they aiford cases of negative acceleration. 

^ Unit of Acceleration. — As in every other measurement so, 
when wo wish to measure accelerations, we must have a unit in 
terms of which we c.'m express the <|uantity under consideration. 

The unit of acceleration is the increase of unit velocity in a 
unit of time ; it is gcnerall}’ tfiken as etjua] t(> an increase of 
velocity of onefi^tper second per second. An acceleration of tuK) 
tinits would thus be an increase of velocity of ttvo feet per second 
per second, and, simihirly, an acceleration of three units equals 
an increase of velocity of three feet per second per second, an 
acceleration of a units eifuals an incrcfise of velocity of a feet 
per second, in one second. 

If wo wish to doteimine the velocity at any instant of a body 
which is moving witli a uniformly accelerated velocity we must 
argue as follows Let the acceleration be a, which means an 
increase of velocity of a feet per second in one second. Suppose 
a body starts from rest, at the end of the first second it has a 
velocity of a feet per second, at the end of the next second 2rt, at 
the end of t seconds at feet j)er second. Or if v — change of velocity 
in t seconds, wo can write 

V == at. 

Consequently, to find the velocity at any instant of a uniformly 
accelerated moving body, all wo have to do is to multiply the 
number of units of acceleration by the number of units of time 
for which it has been moving. 

■Exawi'LR. — An engine moves from rest with a uniform 
accelonition of 2 feet per second in every second. What is its 
velocity at the end of 5 minutes ? 

5 minutes = 5 x 00 = 300 secs. 

Here a = 2 ; t — 300 ; v = ? 

But V —at 

= 2 X 300 = 600 feet per second. 

If the uniform acceleration is applied to a body already 
moving with a uniform velocity, it is not difficult to see that the 
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formula or expression we liavc just given will become modified. 
Imagine a body moving with a uniform velocity of u units ])er 
second to have this velocity uniformly accelerated. Let the 
acceleration be a units, as in the case of the body moving from 
rest. Then, at the end of the first second during which the 
acceleration acts its velocity will be n + o, at the end of the 
second second it will l)e n + 2//, at the end of the third it + 
and at the end of t seconds n + ta or n+at, or the formula becomes 

V = u + at. 

Example. — What will be the velocity of the engine in the 
last example at the end of the sixth minute, if it continues tt» 
move with the same acceleration ? 

At the end of fifth minute its velocity u =Gi)0 feet per second. 

And r = n. 4* of 

= 600 + (2 X 60) 

= 720 feet per second. 

Spaoa traversed by a Body moving under the influence 
of a Constant Acceleration. —The space travelled o\'er by a 
body in one second is equal to its average velocity, and that tra- 
velled over in t seconds is equal to its average velocity multiplied 
by#. If it starts from rest and travels for one second finishing 
with a velocity of r feet per second, its average velocity is L* 
during this time, and 

/. ~ hrt 

Substituting value of r from the equation r = o/, we get 
S = X# = iat^ 

or since # = -^ we can write the equation .s - i rt thus — 

V r* 

s — Ivx— = i , from which 

a - ft 

v2 = 2as. 

Expressed in words, the rule for finding the space travelled in 
a given number of seconds i.s — multiply half the acceleration 
(expressed in feet per second per second) by the scpiare of the 
number of seconds through which the body travels and we 
ascertain the number of feet passed over by the body. 

'The last equation of all provides us with a rule for calculating 
the velocity of a body after it has travelled over a certain 
distance under the influence of a uniform acceleration ; it tells 
us that the square of the body’s velocity is equal to twice the 
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product of the accelcratitm (in loot per second per second) under 
which it moves into the distance in feet it has travelled over. 

Easy examples on the application of these rules will be found 
in the questions at the end of the chapter Jind in solving them 
tlic student must carefully bear in mind that all the ionnuhv 
given in the chajiter are equally a])plicable if the centimetre and 
^second, or other units, are adopted. 

Chief Points of Cji.M'ter III, 

The Solar Day is the interval of time between the sun’s liighesi. 
]>osjtion on any one day to its corresponding position on the next 
KiKsieeding day. 

The Mean Solar Day is the quotient obtained hy dividing the 
length of the year measured by the sun by the number of days 
in the year. Or, it is the average of the lengths of all the solar days 
ill the year. 

A Star or Sidereal Day is of constant length. It is the intcr\ al of 
time between two succeeding southings of a star at any season of 
the year. 

The Period of Dotation of the Earth.— As the apparent motions of 
the stars across the sky are produceil by tlie rotation of the earth, 
the exact time of rotation is determined by ascertaining the length 
of the sidereal day. 

Dnits of Time" — In physical measurements the unit of time 
adopted is the mean solar second, that is, it is founded on the 
average time reijuired by the earth to make one complete rotation 
on its axis relatively to the sun considered as a fixed ).)oint of 
reference. 

The Velocity of a body is the rate at which it moves. Velocity 
may be either nnijbrm or mriah/e. Wlieii a body's velocity is 
uniform it moves over the same distance in every second. Vriieii 
tile velocity i.s variable unequal distances are moved over in equal 
times. 

Unifom velocity '.f units of Icnf^h tiavellc.l 

number of units of time taken 

Acceleration is the rate of change of velocity. In measuring 
uniform acceleration we must know what addition to or subtraction 
from the velocity of the moving body there has been during each 
second of its journey. 

Velocity. 


1 

Unifonn 

1 

Variable 

Equal distances travelled 

1 

r’~ ’ ' 1 

over in equal times. 

Regular Irregular 

II 

Acceleration, 


or rate of change 


of velocit 3 \ 
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The Unit of Acceleration is an increase of unit velocity in a unit 
of time. It is generally taken as equal to an increase of velocity of 
one foot per second per second. 

The change of velocity v in 1. seconds in a lx)dy moving from rest 
with an acceleration of a units is equal to at feet per second. If a 
uniform acceleration is applied to a body already moving with a 
uniform velocity Uy then v=\t + cU. 

Other Important Formule. — 

Questions on Chapter III. 

1. Give a definition of velocity y and state how uniform linear 
velocity is measured. 

2. What is the difiercnco between a solar day and a mean solar 
day ? 

3. Define a sidereal day and exjilain liow it differs from a solar 
^lay. 

4. What is the common unit of time ? How is it related to the 
lieriod of the earth’s rotation ? 

5. Give a brief description of some mechanism in common use for 
measuring tiihc. 

0. What is the diflerence between vniforni and variahle velocities ? 
How are uniform linear velocities measured ? 

7. Explain how the average velocity of a body moving with a 
variable velocity is estimated. 

8. The radius of a circle is half a mile ; a horse runs J*ound the 
circumference at the rate of five miles an hour ? wliat is his velocity 
in feet per second ? (The result should be carried to the second 
decimal place.) 

9. Define acceleration and give an example of a body moving with 
an accelerated velocity. 

10. How is uniform acceleration measured ? Explain the differ- 
ence between a positive and negative acceleration, giving an example 
of each. 

11. What is the unit of acceleration? A body moves from rest ■ 
with a uniform acceleration of 15 feet per second per second ; 
what is its velocity after 12 seconds ? 

12. The velocity of a body moving from rest has been uniformly 
accelerated ; if its velocity after 7 seconds be 343 feet per second 
what has been its acceleration ? 

13. A train starting out of a station is made to move wdth a 
unifonn acceleration of 25 kilometres per hour jKjr hour ; what is its 
velocity in kilometres per hour after it lias gone a distance of 
16 kilometres ? 

14. How far will a l>all go from rest in three seconds if in every 
second it increases its velocity by a velocity of 9 feet per second ? 

15. A train which is uniformly accelerated starts from rest, and 
at the end of 3 seconds has a velocity with which it would travel 
through 1 mile in the next 5 minutes ; find the acceleration. 

16. A body moves from rest with a uniform acceleration of 100 
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inches per second per second ; calcnlhtf- its vel'icity after“ it lias 
moved over 20 feet. 

17. Explain tlie following statements A body has a velocity 
whose measure is 30 ; anotlier boily an acceleration whose mcasii. e 
is 2 ; in each case with foot second units. If allowfr'd to move freely, 
how far would the lii-st botly travel in half a minute, and in what 
time would the second IxKly, starting from rest, •iwpiire a velocity 
of L") miles an hour 1 

• IS. A particle M'ldcli started frean rest and was unifoiinly 
accelerated, liad a velocity of 20 feet per second when it had 
ilescribed (50 feet in a straight line. M'liat was its acceleration and 
liow long had it been in motion ? 

U). Two iKxlies, whose velocities are accelerated in every secjond 
by 3 and fi feet a second respectively, begin to move towards each 
other at the same instant, at first they are a mile apart ; after how 
many seconds will they meet ? 

20. A man runs uniformly round a circular track at the rate of 12 
miles an houi* ; if lie pass the same point four times in 5 minutes, 
what is the length of the imek ? 

21. Two stations on a railway are 35 miles apart. A train starts 
from the first and travels uniformly at the rate of 40 miles per hour 
towartls the second ; another train starts simultaneously h’oin the 
second station and travels at the rate of 30 miles ner hour in the 
opposite direction. At wJiat time after starting will they meet and 
at what distan(;e from the two stations respectively ? 

22. A man w'alking at the rate of 4 miles an hour along a railway 
line meets a train, 88 yanls long, travelling at tlie rate of 26 miles 
an hour* How many seconds elapse while the train is passing 
liiin ? 

23. A line is drawn upon tlie flcxir of a railway carriage from door 
to door. WIicii the carriage is at rest a l>all is dropped from the 
rtxjf and falls upon tJiis line. Wliat difference would bo 
observed : — 

(a) If the train is moving when the Imll is dropped. 

{h) If the train starts when the Imll is half way down. 

((■) If the liall is dropped when the train is in motion, but the 

train stops suddenly when it is half way down? 
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MASS ANI> ITS MEASUIIEMKNT 

The mass of any body is the quantity of matter it con< 
tains. Tn oiir c(ninti 7 the stiindavd or unit of mass is tlu^ 
(fuantity of matter contained in a lump of })latinum of a certain 
size which is kept at the Exchequer (/hamhers. This amount of 
matter is called the imperial Standard pound avoirdupois, 
and W’e speak of the mass of any other hody as l)cinj^ a certiiin 
number of times more or less than the standard pound, that is, 
containing so many more tinus as miicli (or as little) matter as 
that contained in the imperial standard pound. Unfoitunately, 
tliis is not a universfil stiiudard ; in Franc(i they have a standard 
t)f their own. It is kept at Paris, and is called a kilogram, and 
the system t>f masses founded upon it is used in all scientific 
work throughout the world. 

Units of Mass in the British System.— As the readei* knows 
very well, the unit of mass, the pound avoirdupois, to which 
attention has just been called, is not the only standard used in 
this country in speaking of the mass of a given bixly ; multiples 
and submultiples of it, as shown in the following familiar table, 
are also ado})ted. A comparison of this with the corr(?s[)onding 
beautifully simple tiible of the metric system will do morci than 
any words to show^ how cumbersome and inc(mv('nient the 
llritish system is : — 

16 drams make 1 ounce (1 oz.). 

16 ounces 1 jiound (1 lb. ). 

14 pounds 1 stone (1 st). 

2 stones or 28 pounds ,, 1 quarter (1 qr.). 

4 quarters or 8 stfuies 1 hundredweight (1 cwt.). 

20 hundredweights ... ,, 1 ton. 
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But this ungainly system of iinibs does i.ot exhaust the dillicul- 
:ios of the British system of estimating masses, for if the mass 
)f a bcnly composed of one of the precious in jtals, platinm i, gold, 

)!• silver, or of some precious stone, is to be expressed another 
system known as “Troy Weight,” is used. Mi^reover, the 
uince in the last-named system is differently sub divided again 
if the masses of drugs are being dealt with. 

Units of Mass in the Metric System.- In the metric 
system a name is given fo ihe wtfsit o/ 2>inr, imU'r V'hirh mil 
'.rarllii fill o vuhir trnfimviir al a of 4' C. Tt is 

called a gram. Tlic same prefixes are used to express fractions 
and multi])les of a gram as have been used in the case of the 
metre and litre. The kilogram is one thousand times greater than 
one gram, and is the unit in use for ordinary purposes. Other 
multiples are in common use, as the following tiiblu shows 

10 milligrams — 1 centigram. 

10 centigrams I decigram. 

10 decigrams - 1 gram. 

10 grams = 1 dekagram. 

10 dekagrams ^ I hectogram. 

K) hectograms — I kilogram. 

10 kilograms - 1 myriagram. 

lOmyriagrams — 1 (juintal. 

10 <juinbds — 1 millier. 

Relation between British and Metric Units of Mass 

Mrhic to IfHtish. 

1 decigi :im — 1 ’5432 grains. 

1 gram ~ 15 ’4323 grains. 

1 dekagram - *3215 oz. Tr. 

1 hect<»gram ^ 3’5274ozs. Av. 

1 kilogram = 2’204()lbs. Av. 

llnthh to Mf'tnv. 

1 grain = *048 decignim. 

1 oz. Tr. = 3i]03 dekagrams. 

1 oz. Av. ~ 2 ’835 dekagrams. 

1 lb. Av. - '4503 kilogram. 

Gravitation. — It is a matter of everyday observation that 
masses free to move gmvitate, as we say, towards the earth ; or 
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as it is sometimes expressed, the earth attracts all bodies to 
itself. Experiments and obsei’vations made by Newton led liiiii 
to the conclusion that it was the rule of nature for every body to 
attract every other body, and that this force of attraction is 
proportional to the body’s mass, a large iiiiiss exerting a greater 
force of attraction than a small mass. But the farther these 
bodies are apart the less will be the atti’action between them« 
though it is not less in the proportion of this distiince, but in 
that of the square of the distance. Tliis diminution of a force 
accoiHling to the inverse jwoportion of the s(|uare of the disbniee 
applies tf) so many wises that it ought to be clcfirly understood 
before gonig further. To give an exHmj)le : two bodies of etpial 
mass are one foot away from one another and attract each other 
with a certain force, call it a unit force. One bcwly is now 
moved until its distance is two feet away from the second Isxly, 
what will be the force of attraction between them ? The sijuare 
of 2 is 2 X 2 = 4 and the inverse of 4 is therefore the f<»rco 
of attraction is one (piartcrof the unit force. In the same way, 
if the bodies were three feet ajiart, the force of attraction would 
be of the unit force. Putting Newton’s law together it stands 
thus :^Every body in nature attracts every other body with 
a force directly proportional to the product of their masses 
and inversely proportional to the square of the distance 
between them ; and the direction of the force is in the line 
joining the centres of the bodies. 

Retuniing to the case of the falling body, think of a cricket 
ball on the top of a lu)use. The earth attracts the ball, and, 
by Newton’s law, the ball attracts the earth. The Ijall, if free 
to move, falls to the earth ; t/o be correct, however, we must 
think of the ball and the eiu*th moving in meet one another 
along the line joining their centres. But the ball moves as 
much farther than the earth as the earth’s mass is greater than 
the ball’s ; and for practical pur])oses this is the sjime as saying 
that only the ball nujves and that the earth remains still. 
Were our metlnxls of measuremejit sufhcieiitly refined we 
should, of course, be able to measure the small amount of the 
earth’s movement. 

This force of attraction ])etween all material bodies is called 
the force of gnvvity, and wo must point out that this is 
only a name. Cfilling this force “gravity,” and the rule accord- 
ing to which it acts the “law of gravity,” does not teach us 
anything about the nature of the force itself. There is, however, 
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no doubt about the reality of die atti\*ctioii which bodies exei*t 
upon one another. So loiig ago as 17S8 Cavendish uieasurod the 
force of attraction between two lead ball.., and his exp niments 
hai’e been repeated by a number of other invef-^igators. 

The weight of a body is the force with which it terds to 
move towards the earth. We se(i at once the dilFerenco there 
is between mass and w' eight. One is inattor, the other is a 
force. When we spe^ik of a niass of (uie pound we have seen 
that it means nothing more than the amount of matter in a 
cerbiin lump of iron or other material ; but when we speak of the 
weight of one pound we mean the fo?-oe with which 
tlie mass of a pound tends to move towards the eartli. 

The student vrill do w^ell to clearly understand this 
distinction before ))roceeding. 

Exi»t. 46. — Procure a spring balance (Fig. 20) 
and attach it to a rigid support. Notice that to 
bring the index downi you must exert a pull on the 
bottom hook. The greater the ]iull the farther 
down the scale does the index imr e. 

Ex FT. 47. — Attiich any convenient mass to the 
hook of the balance, and notice that the index 
moves a certain distjuice down the scale as in the 
last exj)eriinent. The pull in this ciise measures 
tlie ciU’th’s attraction for, or the 'iiritjht of, the 
mass at the ])lace of observation. 

Exft. 48. 'Repeat the last experiment, using 
differerst masses, and notice that the weight of the 
masses, as measured by the pull on the spring, Jiulanco. 
varies in the different cjises. Whenever the pull 
on the spring is the stime, w’^e know the masses are ecjual, and 
consequently the equality of nuisses cfin be tested by the 
eqmdity of their weights.^ 

The Weight of a given Mass varies from place to place.— 

Bearing the definition of wxught in mind, it will be clear from 
Newton’s law of gravitation that since a mass is farther away 
from the earth (which acts exactly as if its whole mass were 
collected at its centre) w hen it is on the top of a mountain than 
when at the sea-level, the weight of this mass ought to be more 
at the sea-level, for it is there nearer the centre than at the 
mountain tt>p. Tliis is found to b.e the case, but to actually 
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demonstrate the difference in weight we must measure tlie weight 
by a spring balance as in the last experiments. 

Similarly, because the earth is not a perfect sphere, but is 
flattened at the poles, points at the surface of the earth in the 
region of the tropics arc at a greater distance from the centre 
than points in the neighbourhood of the poles. Conset(uently 
the weight of a mass situated on the eaith in the tropics should be* 
less than the weight it would have if it were moved into the jmlar 
regions. This has been found to be the case : a body weighing 
191 ounces when near the equator will weigh 192 ounces if 
moved near to the poles. These facts can be illustrated by a 
simple experiment. 

Expt. 49. Hang a ]>iece of iron from a sjiring balance and 
notice the weight indiciited. The iron has a certiiin mass, or 
consists of a certain quantity of matter. Ilring a strong 
magnet under the iron, and again notice the indication of the 
pointer of the 1)ahincc. Evidently the cpiantity of matter, or 
m£^, of the iron has not changed during the experiment, but 
the attraction of the magnet causes the a)>parent weight to 
increase. 

Masses are determined by means of the Balance.— Tliough 
the reader may have seen the spring bahince in use among 
hawkers in the country, it is not a very common practice to use it 
for estimating masses. The instrument generally in use for this 
])urpose is the balance or pair of scales. This simjde ap])aratus 
is best understood with the help of a few simjde ex 2 )ei*iments : — 

fixi’T. 50. — Balaiice a light stiff lath iijxm an edge of a 
triangular block, or better, make a hole through a point al)ove 
its centre so that the lath will turn etisily uj)on a stout 
nail fixed in a wall or blackboard. Hang a mass by means of 
a piece of thread upon the lath at any convenient disbince on 
one side of the j)ivot or fulcrum, and balance it witli a mass of 
the sfunc amount on the other side. The dManve of Ihe massrs 
fram the fidcnnn 'irill be ftnmd the same in each ease. 

Expt. 51. — Using the same hith supported on the nail at its 
middle point, hang over it, at etpml disbinces from tlie suppoi t, 
two pans (which y<»u win make out of pill ])oxes and cotton), 
t>ne on each side of the support. l*ut a mass of 20 grams in 
one jmn and asceiiiain how many must be jiut into the other in 
order that the lath may remain horizontal, or as we sjiy, be 
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i)h equilibrium. It is found that when, the ixunsare <4 equal 
distamt^ from the siq^ports there is equilihrinm when the mams 
are equal. 

^xiT. 52. — Ropeat the last experiment, but vhile keeping 
the imn with the 20 grams in it in the same position, shift the 
other pan and find how maiiy grams must be put into it to 
-4)ring about equilibrium. Do this with the movable pan in a 
variety of positions and show tliat when the lath is balanced, 


Mass on ^ Distance _ Mass on Distance 
one side ^ from fulcrum” other side ^ from rulcrum. 


Moments. — Another way of expressing the condition of things 
when there is equilibrium in Expt. 52 is to say that the turninq 
effects of the forces, about the point of suspension, acting on the. 
lath at th'' points where the pans are mppo^'ted, are equal. The 
turning effect of a force is termed the moment of the force. 

Referring to the condition of things in our experiment wc can 
re]>resent. it very simply by a diagram (Fig. 21), whore F is the 
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point of support of the lath, and Mj is a larger mass at a 
distance AF in equilibrium with a smaller mass Mg, at a gruatcu* 
distfince FR. 

The fr)rce at A is, as w( know, the weight of the mass Mi act- 
ing vertically downwards ; and the force at B is that of the weight 
of the mass Mg acting in the same direction. The moment of 
the force acting vertically do-w^w^rds at A is a product like that 
obtained in Ex])t. 52, viz. the product of the force equal to the 
weight of Ml and the distfince AF, which as the diagram shows 
is measured at right angles to the direction in which the force acts. 
Similarly the moment of the force equal to the weight of the 
mass Mg, about the point A, is equal to the product of this force 
and the vertical distance BF. 

This is a rule of universal application for taking moments 
which will have to be used several times later on, and must be 
very carefully learnt 

The moment of a force about any point is the product 

£ 
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obtained by multiplying this force by the vertical distance 
between the point and tbe line of action of the force. 

But it must always be remembered that the force and the 
vertical distance between its line of action and the point about 
which moments are taken must be expressed in suitable units. 

The Balance. — The balance is really another form of the 
supported lath in Expt. 50. All the parts arc very car**- 
fully made, and every means is taken to have very delicate 
supports and accurate adjustments. Fig. 22 shows a simple 
form of balance which is very suitable for easy experiments, 
such as are described in this book, which can aU be accurately 
done by its means. Instead of the wooden lath in the experi- 
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ment we have a brass beam supported at its middle line by a 
knife-edge of hard steel, which, when the balance is in use, 
rests on a true surface of similar steel. The hooks to which the 
pans are attached are similarly provided with a V-sbaped de- 
pression of hard steel, which also, when the balance is in use 
rests upon knife-edges on the upper parts of the beam. To the 
middle of the beam is attached a pointer, whose end moves over 
an ivory scale fixed at the bottom of the upright which carries 
the beam. When not in use the beam and hooks are lifted off 
the knife-edges by moving the handle C. 

Fig. 23 shows a very delicate form of balance used by chemists. 
The principle of its action is precisely the same as in simpler 
kinds, but, to ensure greater accuracy, the knife-edges and the 
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supports (m which they rest are uiaile of a very hard 

mineral, instead of being constructed ot steel. 

Exit. oo. — Lbicover the balance ami identify the ibTerent 
parts by reference to Fig. 22. i^aise the beam, AIJ, of th» 
balance, tdl* the supports by turning the handle C. Notice 
whether the pfunter F swings etjually on both sides of the 
middle of the scale G : If it does the balance i.s ready for use : 
but if not, let denvn the beam and turn the mall screw 
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at T5, then try again. Repeat this adjustment until the 
swings to right and left are equal. 

Exit. 54. — Put some shot in a -watch-glass, and place it 
in the left-lunid E, of the balance. Examine your box 
of weights, and, selecting a weight which you estimate to 
be about the sjime as the sliot, take hold of it iriih the forceps 
and place it in the rkjhtdutnd pmi (the weights should always 
be placed in this pan). Now slightly raise the beam to see 
whether the estimated weight is nearly e(|ual to the weight of 
the shot. Tf the weight appears a little below' what is wanted, 
pick up, with the forceps, the next heaviest weight in the 

s 2 
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box, and try it in the pan with the other. If the two together 
are too lioavy, take out tlie amaller weiglit and put in the one 
below it, and so on, adding one weight after the other, irithoul 
aaj/, until you find the c<‘iToct weiglit. When you 
have completed the weighing, write down and add uii the 
weights that are missing from their ])laces, and check the 
figures as you put each w^eight back in its place. 

Expt. 65. — To become familiar with the process of weighing, 
find the mass of half-a-crown, a shilling, and other suitable 
bodies. 

Expt. ofi.—Eind the mass in grams, A'c., of an ounce weight. 

The Weight of a Body is not determined by an ordinary 
Balance. — The spring balance, and not a pair of scales, must be 
used to determine the weight of a mass at any place, because by 
means of the latter apparatus all we do is to make a comparison 
between the weight of an unknown and that of a known mass. 
Though the of the known mass (say the 50 gram weight 

out of the box) varies from place to place, its mass remains con- 
stant, and what we detenuine when we effect a weighing with 
the balance is the ni/tss of the body experimented mion. If we 
could attach the 50 gram weiglit to a very sensitive spring 
balance and carry it from the equator to the pole, we sliould 
find, as we have already seen, that its weight as recorded by the 
spring balance would vary continuously. Hence we estimate the 
ecjuality of masses by the equality of their weights ; the weight 
of the body wJiose mass is to be cletermined must, when tlie'' 
balance is in equilibrium, be eijual to that of the known mass, 
and consequently we can argue that their masses are ei^ual. By 
the balance we measure the mass of a body, whereas a spring 
balance enables us to determine its weight at a given place. 

When a Balance is in equilibrium the moments, about the 
point of suspension, of the forces equal to the weight of the masses 
are equal. When the balance is true the arms are of equal 
lengths, and consequently the weights are eciual also. 

Chief Points of Chapter IV. 

The Mast of any body is the quantity of matter it contains. 

The Imperial Standard Found Ayoirdnpois is the amount of matter 
contained in a lump of platinum of a certain size which is kept at 
the Exchequer Chambers. 

The metric standard of mass is the Oram ; but in everyday use 
the kilogram, which is equal to a thousand grams, is employed. 
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A Gram is the mass of i>urc water which will exactly fill a cubic 
centimetre at a tempei’ature of 4® C. 

The same prefixes are used to designate the multiples i^nd sub- 
multiples of the gram as are used in tne case of the metre. 

Law of Gravitation. — Every liody in nature attracts every other 
body with a force directly proportional to the product of their 
masses and inversely proportional to the .stpiare of the distance 
l)etweeii them ; an<l the direction of the force is in the line joining 
the centres of the b(xlie.s. 

The Weight of a hotly is the force with which it tends to move 
towards the earth. 

The Weiffht of a given mass variei from place to place.— Its weight 
,»t the sea-Tevel is more than on the top of a mountain. Its weight 
is also greater when it is in the neighbourhood of the poles than 
when at the equator. 

MaBsee are determined by means of the Balance.— It is found that 
when the pans of the balance are at equal distances from the sup- 
ports, there is equilibrium when the masses are ef^uab . 

'J'he Moment of a Force about any point is the product obtained by 
multiplying this force by the vertical distance between the point 
and the line of action of the force. 

When a Balance is in equilibrium the moments, about tlie point of 
suspension, of the forces equal to the weights of the masses areecjual. 
When the balance is true the arms are of equal lengths and con- 
sequently the weiglits are ecpial also. 

Questions on Chapter IV. 

1 . Define the mass and weight of a material body, carefully dis- 
tinguishing between the terms. 

*J. (live the British and metric measures of mass. 

3. State Newton’s law of gravitation, explaining clearly the rule 
of inverse s<|uares. 

4. What IS a spring balance and what can l)e measured with it ? 

5. Explain fully what different readings, if any, are given by a 
spring balance under the following circumstances and accoimt for 
them as far as you can. 

(a) When a spring balance carrying a gi\'en mass is taken 

from the equator to the north pole. 

(0) When the same Imlauce is earned dow’n a deep mine. 

(r) When the balance is taken to the summit of a high 

mountain. 

fi. Describe an instrument for determining the mass of a material 
bo<ly and explain how it is used, 

7. What <to you understand by the moment of a force ? Explain 
your definition by an example. 

8. What is tlie condition of things, from the point of view of 
moments, when a balance with both pans loaded is in equilibrium. 

9. What particulars about a given mass could you determine {a) 
by using a spring balance, (6) by means of a pair of scales ? 

10. Multiply 10*4 square centimetres by 15*5 decimetres, and 
slate the result lx)th in cubic centimetres and in litres. 
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If the volume in (j^uestion were filled with water at 4® C., what 
would the weight of tne water be ? 

11. A body, of which the volume is 1*5 litres, has a mass of 25 
kilograms. What is the mass in grams of 1 cubic centimetre of the 
body. 

What is the volume at 4® C. of 1,712 grams of water ? 



CHAPTER V 

AIATTEK in BELATION TO MOTION 

Equality of Masses. Wo hfivc bithoi’to considered motion 
and mass separately, but in this cha]>ter their relations to one 
another will be described. It has been shown that equality of 
mass can be tested by weighing. The balance thus furnishes us 
with a convenient pmctical method of conqming masses, but it 
does not give a fundamental conception of what mass means. 
To obbvin a clear idea of the subject, consider first of all that 
w'e are dealing with two variable quantities, namely, mass, or 
quantity of matter, and motion. Suppose two bodies moving in 
opposite directions with equal velocities to collide wiih one another 
and stick together. If the two bodies stopped dead after the 
impact we could conclude that their masses were equal, and that 
each exactly dest royed tlie motion of the other ; but if the com* 
lulled bodies moved after the collision, the masses could evidently 
not have been etjual. With this in mind, it will readily be con- 
ceded that the follow^ing definition of equality of mass holds 
gootl : — 

Tw o masses are equal, if wdien they arc made to impinge on 
one another in opposite directions with equal sjieeds and stick 
together, they come to rest.^ 

The effect of the impact of two moving bodies thus depends 
upon the masses of the bodies and the velocities before the 
collision. If both the velocities and masses are equal, the bodies 
come to rest ; if the velocities are equal, but the masses are un- 
e(pial, the greater mass 'predominates after collision, and if the 
niiisses are equal wliile the velocities are unequal the greater 
velocity will predominate. 

1 ThiH duanitioii and one t»r I wo oilicrs in this chapter ai*c given by Pi*of. W. l^f. 
Hicks in his inspiring w’ork on Blcmcntary Dynamics of Particlci and Solids, 



56 


ELEMENTAR^f GENERAL SCIENCE 


CHAP. 


Momentum. — The preceding paragraph has introduced the 
student to the idea of a condition involving both motion and 
mass. This condition is known as momentum, and is defined as 
follows : — 

The momentum of a body is the quantity of motion it has, 
and is equal to the product of its mass and its velocity. 

Expressed as an equation we have 

Momentum == mass x velocity, 

or if momentum is represented by M, mass by m, and velocity 
by % all expressed in corresponding units, we can write 

M = mv. 

The unit of momentum is consequently that of a unit (»f mass 
moving with a unit of velocity, or if the unit mass be that of the 
imperial standard pound, the unit of momentum is the 
quantity of motion in a mass of one pound moving with a 
velocity of one foot per second. The meaning of momentum 
will be better grasped after a concrete example. 

Suppose a shot fired from a cannon, the momentum generated 
in both the cannon and the shot will be the same ; but since the 
imiss of the cannon is immensely greater than that of the shot, it 
will be evident that the velocity of the shdlb must bo con'o- 
siiondingly greater than that of the cannon in order that the 
jn’oduct of the two quantities may be the same. This we know^. 
is the case, the velocity of the “kick ” or “recoil ” of the cannon 
is very much less than the velocity with which the shot is sent on 
its journey. 

The motions of the shot and of the cannon are in opposite 
directions, and it is usual to distinguish the two directions by 
the signs + and - . If the mass of the cannon is rei)resented 
by M, and the mass of the shot by while the velocities of the 
two are v ajid V respectively, then the momentum after the 
explosion is expressed by the equation 


Mv= - mV. 


Example. — A cannon weighing 10 tons fires a shot weighing 
28 lbs. The shot leaves the gun with a velocity of 200 feet 
per second. With what velocity would the camion recoil if it 
were free to move ? 
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Weight of camion ~ lO t >ns=22,400 lbs. 

Velocity of recoil = -»= ? 

Weight oi shot — 28 lbs. 

Velocity of shot - 200 feet per second. 

We know that 

Moinentiiiu of cannon = uiouientuni of shot 
Or, 22,400 xr = 28 x 200 
Therefore v — 5,600-r*22,400 

= I foot per second. 

The Conservation of Momentum.— It is convenient in many 
problems to consider momentum from another point of view, 
namely, tliat of the consen’^ation of momentum, by which is 
meant that thougli momentum can be transferred from one 
l)(Kly to another, none of it is lost by the transference. For 
instance, if a number of inelastic bodies collide with one another, 
and then move on together, the total momentum of the moving 
mass is e(][ual the sum of the numienta of the separate 
bodies. In ot^^iteords, the total momentum (^f several moving 
jiiassoK remains Whored by imiMvct. £x})ressod as an equation, 
ill whicli M anl^Pllj^ are different masses moving with velocities 
V and r', while tfo velocity after impact is F, we have 

(M + M) V = Mv + MV'. 

The use of this equation will be best illustrated by a few 
arithmetical examj)les. 

Example. — Two inelastic balls, having masses of 4 lbs. and 

7 lbs., and moving in opposite directions with velocities of 

8 and 10 feet per second respectively^ collide with one another. 

What is the velocity of the joint after impact i 

As the velocities are in opposite c&ections, one of them must 
be distinguished by the sign - . The equation thus becomes 

(M+M') V = Afr-MV 
(4 + 7) V = (4 X 8) - (7x10) 

11 V = 32-70 
= -38 

Therefore V = -38-t-II 

= - feet per second 
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The mass will therefore move with a velocity of Sfy feet per 
.second in the direction in which the 7 lbs. was moving. 

Example. — Two masses of C and 10 lbs., moving with velo- 
cities of 4 and 5 feet per second res])ectivcly, collide witli one 
another. Find the hnal velocity, (<«) if the bodies are moving 
in the same direction ; (b) if they mov'e in o])i>osite directions. 

The same equation is used as before, the only difterence being 
that iii the tirst case the velocities are bcjth t^iken as + , Avhereas 
in the second case one is t^vkon as - . We therefc^re jiroceed as 
follows : — 

Case (a ) — 

(6-MO) V = (6x4) + (.l0x5) 

16 F = 24+50=74 
Hence V = 74-T-16 

= 10§ feet per second. 

Ofise 

(6+10) V = (6x4) -(10x5) 

16 V = -26 
Hence V = -26+-16 

= - 1-§ feet j)er KOjpOQd. 

Ill this Civse the direction of luotion is tint oi the mass of 
5 lbs. ^ r 

Example. — A bullet Aveighing 2 oz., and moving with a 
velocity of 1,200 feet per second, is fired into a ])]ock of wocxl 
weighing 2 cwt., and canies the wood onwards with it. With 
what velocity does the wood move ? 

2 cwt. = ,3584 oz. 

Momentum after event = momentum before event 
(2 + 3,584) F = (2x1,200) + (3,584x0) 

3,586 F = 2,400 + 0 
^Tlicrefore F = 2,400-+3,586 

= 0*67 feet per second. 

Force. — Suppose a body to possess a cei*tain momentum, then 
for the momentum to change or tend to change, something must 
act upon the body, and that something is termed force. In 
the Avoids of Professor Hicks: When a gradual change of 
momentum is either produced or tends to he produced in a 
body, that body is acted on by force. 

It must be clearly understood that by thus deliiiing fi»rce we 
do not get to know anything more about it. Nobody can tell 
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wliJit force is. All we can know are the eli’ects pn^ucod by 
;i something we call force. 

Unit of Force. — A change of inonientuin is produced oy force : 
the nite at which the momcntuni changes i. ay tlicr foro be 
used as a measure of force. The unit of force can be dotim i 
in several ways. 

A unit of force ortimj for Dm unit of tiuie is able io prodnee a 
unit of veloriti/ in a nnil of mass. 

Or, ft unit of force, produces a nnil of accderatimi in n unit oj 
nnfss. Rut since the product of a mass and ib; velocity is 
sj)oken of as the momentum of the body, we can measure force 
by the momentum it generates, the nnil force (jicimj rise to the 
nnil of moinentinn. in the nnil of lime. Equal forces are, 
therefore, those which produce equal momenta in equal 
times. 

Tlie momentum geneiated by a force of two units is twice as 
great as tliat ]>roduced by one unit ; and, further, a force of one 
unit acting f(U* two seconds will jjroduce twice the momentum 
Avhich it w'ould do if it only acted for one second. This is why 
it is necessary ih detining the unit of force to introduce the 
words “ acting fdi^ the unit of time.” 

Acceleration produced by a Force.— -The momentum of any 
particular luKly is detei’mined by tlie body’s mass and velocity. 
\s the muss tif the body may be regarded as constant, change of 
iMouientum can only be produced by changing the velocity. But 
rate of cliange of velocity is acceleration, hence when the 
acceleration of a bo<ly is altered, the momentum is altereil, and 
an alteration of momentum signities, as has been explained, that 
the body is being acted uj)on by a force. If the acceleration is 
uniform, the body must be acted upon by a unifonn force. 

Hence we come to the very importtint fact that the number 
of units of force in any force is equal to the product of the 
number of units of mass in any body on which it may 
act and the number of units of acceleration produced in 
that mass by the force in question. 

Tile relation lietween' force, mass, and acceleration may bo 
expressed algebraically as follows ; — Let F rejiresents the 
number of units of force in a given force, ni the number of 
units of mass on which it jicts producing o units of acceleration, 
then our detinition can be written. 


F - m X a, 
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from which equation the third quantity can be obtained when- 
ever we know the other two : — 


Number of _ Number of ^ N umber of units 
unite of force unite of mass ^ of acceleration. 


F - 

. *. a -- 

m -- 


mu 

F 

m 

F 

a 


(1) 

(a) 

.(a) 


The second equation can be expressed in words by sayiiiy that 
the number of unite of acceleration produced in the velocity of a 
moving bpdy is e(]ual to the number of units of force acting ujxui 
it, divided by the number of units of mass on which it acts. 

^nilarly, the third expression means that tlie mniiber of 
unite of %iass in a moving body can be calculated by dividing tlic 
number of units of force acting upon it ])y the number of units 
of acceleration produced in it. 

The second eciuation tells us, moreover, that if the acceleration 
[)roduced in a moving bcaly remauis the same, oris uniform, tliat 
the value of the f<>rcc, or the number of units of force it contains, 
must be the siiuie throughout, or what is the same thing, the 
force is uniform. 

The most imj)ortant facte with reference to motion and force 
have been described in the foregoing parte of this chapter from 
the point of view of momentum. At this point the tii-st law of 
motion may be usefully intnxluced. 

Newton’s First Law of Motion.— Every body will continue 
in its state of rest or of uniform motion in a straight line, 
except in so far as it is compelled by impressed force to 
change that state. 

This stetement is called a Ian: of motion, and it will be w^ell to 
make clear at once that a natural law is only an expression of 
what has been found to alw^ays be the rule ; it is merely setting 
down the result of experience ; and the idea of the woid in its 
legal sense must be carefully excluded from the mind. Indeed, 
in nearly every case, it is better to substitute, at all events in one’s 
mind, the word rule. It is only a statement that certain things 
always seem to take place ; it tells us nothing about why they do 
so ; nor is the idea of compulsion included at all, for oftentimes 
so-called “laws” have been formulated which have turned out 
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tt) be wrong expressions of the order of nature, and evidently 
there could bo no sort of compulsion about what was wrong, and 
was seen afterwards U) l)o contraiy to the genernl rule. 

This law, wliicli Newton tirst stated as bein^ always Tollowed 
by bodies in nature, means, first, that if a boily is at rest, it will 
remain still until there is some roasf>n for its moving — until some 
outside influence, which is cjilleda force, acts upon it. In fact the 
law really supplies us with a definition of force. Nobody finds 
any difficulty in understanding the rule so far. But when we 
come to consider the second part- of the law there is more 
difficulty in grasping it — every body will continue in a state 
of uniform motion in a straight line, «fec. An example is afforded 
by a ball in moving uniformly along ice. We know that after 
a time the ball comes to rest and therefore that it does not 
cemtinue in a state of uniform motion. But we know that it 
moves for a longer time on ice than it would do on a road. The 
ice is smoother than the road, and there seems to be a connec- 
tion between the rouglmess or smoothness and the length of 
time during which the ball moves. If we imagine smoother and 
smoother ice, the ball will move for a longer and longer time, 
and we conclude that if both the ball and the ice were perfectly 
smooth, there is no reason why the ball should ever stop. The 
roughness or friction is then, in our example, the “impressed 
force” which causes the ball to change its state of uniform motion 
for one of rest. If we could have a body in a state of uniform 
motion outside the influence of what Newton has called “ im- 
])ressed forces” it would afifoixl us an example of perpeUml 
motion. But because we cannot eliminate these impressed forces 
we cannot have porpetiud motion. 

The first law of motion implies the existence of force, which 
may consequently be defined as that which produces, or tends to 
produce, motion in matter ; or alters, or tends to alter, the existing 
motion of matter. 

The inability shown by a material body of itself to 
change its condition of rest or of uniform motion is called 
its inertia. Inertia may also lye defined as the capacity of 
a body to possess momentum. We become aware of the inertia 
of matter most unpleasantly if we step out of a moving train on 
to the platform ; while in the train we partook of its motion, on 
stepping out our feet are brought to rest suddenly, but our 
bodies, because of their inertia, continue to move with the 
velocity of the train, with the result that we fall forwards on to 
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oiir f.vces. The difficulty of moving a heavy boily, or giving it 
momentum, is also a familiar example of the same property. 

The Attraction of Gravity at any place is an Example of 
a Uniform Force. — The general laws which liavo just boon coii- 
sidercd are well illustrated by the attraction of the earth ujxm a 
mass at its surface. We have learnt to call this force of attrac- 
tion by the name of the body’s weight. Let a body cr)nt?iining 
m units of mass be attracted to the earth with W units «)f force, 
or, as we may just as correctly say, let the weight of m units of 
mass be W units and ciill the acceleration which would ])e ju’o- 
duced in it in the unit of time, if the mass moved towaixls the 
earth, g units ; then by tlie ecpiations given on ]>. (JO we can write 

W m g 

and m. ~ 

if 

wl^ tells us that the weight of a body is eaual to the 
ntd|lber of units of mass it contains multiplied by the 
number of units of acceleration produced by gravity in 
one second in a body moving freely towards the earth. 

Value of ‘‘g.”- -It has already beoi seen that a laxly moving 
from rest with an acceleration of a units per second ])er second 
tmvels over a distjincc s represented by the equation : a 
Hence, in the case of a body moving towards the eai'tli under the 
influence of the force due to gravity, which causes a regular 
accelemtion of g units, the distance travelled over depends 
upon the value of But the distance moved over by 

such a body moving from rest towards the eaith in one second 
can be measured. It has been found to be Ifl feet. All tliat 
has to be done, therefore, is to substitute this value in the 
etxuation above, after changing the general symbol for accelera- 
tion, a, into the particular acceleration, </, applicable to this case. 
We thus have to substitute IG for s and 1 for t in the ecpiation 

== 2 which gives 

10 ^ X f/ X 1 from wliich 

g = 32 or 

the acceleration due to gravity is equal to a velocity of 32 
feet per second in every second. 

Motion of Bodies falling from Best. — The consideration of 
all questions concerning bodies falling from rest towards the 
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erti*th is consequently only a particulfir case of the general rule 
which has already been learnt by the student. We have a con- 
stfint force, that, viz., equal tf) the attractive force of uhe earth, 
causing a constant acceleration of 32 feet pei second hi every 
second, which is, as we have seen, the value of the accelerati on 
due to gravity, </. All we have to do, therefore, is to substitute 
f/ for n in each of the equations on p. 40, and we get : — 


V - gt (1) 

S = igt-^ (2) 

V- ^8 (3; 


Velocity of a body falling from rest after t ” seconds.— 

The first of the above equations provides us with an expression 
by means of wliicli, knowing the number of seconds, (t), for 
which a body has been moving freely towards the earth under 
the constant acceleration (</) due to the force of gravity, we can 
ciilculate the velocity with w'hich it is moving at a given iaomont. 

Example.— With what velocity is a botly moving which 
sbiiting from rest has travelled for 10 seconds ? 

Here we have to find r, knowing the value of both (j and f, 

r ~ (ft 

=32 X 10 = 320 feet per second. 

Distance travelled by a Body feiUing from Best in 
Seconds. — The second equation at once enables us to determine 
tlie distiince through whidi a body, falling freely towards the 
earth, has moved after it has been travelling for a known number 
of seconds. 

Example. —Through how many feet does such a body fall 
in 30 seconds ? 

Here # = ^ 

= i X 32 X (30)2 
= I X 32 X 900 
= 14,400 feet. 

Velocity of a Body falling from Best after moving through 
S Feet. — Equation (3) shows how the velocity of a body, which 
starts falling from rest, can be determined when the number of 
feet through which it has fallen is known : — 
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Example. — Wliat is the velocity of a stone which has fallen 
from rest for a distance <^f 100 feet ? 

Here ?•- — 2f/.s 

= 2 X 32 X 100 
= 0400 

r — 80 feet per second. 


Parallelogram of Forces. — A body can only move in one 
direction at any given moment ; but yet it can be under the 
influence of, or be acted upon by, any number of forces. The 

(juestion arises — How 



Fia. 24.— Experiment to illustrate the Parallelo- 
gram of Forces, 


can the direction bo 
determined in which 
a body, under the in- 
fluence of several 
forces at the S4ime 
moment, will move, if 
free to move ? 

Or, the question may 
be reganied in another 
way. How can we 
substitute a single 
force (citlled the Re- 
sultant) which will 
produce the same 
eflect, for all the sepa- 
rate forces acting to- 
gether upon a body at 


the same moment ? 


A few experiments will make the question and its answer 


quite clear as far as substitutii^ a single force for two separate 
forces is concerned. 


Expt. 57. — Round two pulleys G and K, or very smooth pegs 
(Fig. 24), imm a fine thread to which tw^o unequal weights 
are attached. To some convenient place on the thread tie a 
third weight as shown. Let the masses come to rest. It will 
be found that a parallelogram may be constructed, the sides 
and diagonal of which are nearly proportional to the weights 
used. They would be just proportional if the pulleys were 
quite smooth. 

Exft. 58. — Attach a scale of inches to the edge of a black- 
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board. Obtain two pieces of thin india-rubber cord twenty 
inches long, and fasten small loops of string to the two ends. 
Pin one of these loops to the board so that the upper end of 
the india-rubber cord coincides with the zero of the scale. 
Attach the upper end of the other india-rubl: r cord t ^ ahy 
convenient point on the board. Bring the two lower unite 
together and hook on to them a weight (say of 100 grams). 
Measure off tiventy inches from the upper end of each cord. 
The excess of length in each cord will be proportional to the 
tension of that cord. Complete the parallelogram with chalk, 
and show that the diagonal is vertical and is equal to the 
extension of the cord when it hangs vertically by the side of 
the scale with the weight attached. 

These experiments lead to the rule wdiich is always known as 
the immlldoqram of forces. It is usually stated thus : — If two 

forces acting at a point be represented in magnitude and 
direction by the adjacent sides of a parallelogram, the re- 
sultant of these two forces will be represented in magnitude 
and direction by that diagonal of the parallelogram which 
passes through this point. 

A line may he drawn to graphicfUly represent a force, its 
length being made proportional to the force, and its direction 
showing the^di|^ction of the force. 

Forces can tmis he represented, both 
in magnitude and direction, by lines. 

Let O represent a material body acted 
u|||p by two forces, represented both 
iti^mount and direction by the lines 
OB, OA. T(j find the resultant of 
these tw^o forces as the single force 
which can replace them is called, both 
as regaids its amount and direction, wo complete the parallelo- 
gram OBRA and join ()R,^if;ilich will be the resultant required. 

Calculation of Eesultalift. — ^When the two forces whose re- 
sultant is required act at right angles to one another, the calcu- 
lation is a simple application of a proposition in the first book of 
Euclid (I. 47). Under these circumstances the triangle ORA 
is right-angled, and Euclid proves that (OA)*-f-(AR)^=(OR)3, 
consequently (OA)®-b(OB)*=(OR)^ from which when OA and 
OB are known we can calculate OR. 

When the directions of the two forces OB and OA are inclined 
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to each other at an angle which is not a right angle, the calcula- 
tion involves an elementary knowledge of trigonometry. This 
can bo obviated, however, by the simple expedient of what is 
called the graphical method. Tliis consists in drawing two linos 
inclined at the angle at which the directions of the forces are 
inclined, and making them of such length that they cont^iin as 
many units of length as the force docs unit« of force. The 
parallelogram is then completed by drawing AR and BA i)arallel 
respectively to OB and OA and joming the diagonal OR, whose 
direction will be that of the resultiiut, and whose length will 
be as many units as thero are units of force in the resultant 
foice. . 

Besoltttion of Forces.— A single force cyvn be replaced by 
other forces which will together produce the same effect. Such 
a substitution is called irHidrimj the 
force or a resolution of the force. The 
parts into which it is resolved are 
spoken of as components. When this 
lias been done it is clear that we have 
made the original force become the 
resultant of certain other forces which 
have replaced it. IlefeiTing back to 
what has been said about the paral- 
lelogram of forces, it will be seen that 
any single force can have any two 
components in any directions we like ; 
for by trying, the student will be able 
to make any straight line become the 
diixgonal of any number of different 
jiarallelograms. The most convenient 
components into which a force can 
be resolved are tJiose the directions 
of which are at right angles to each 
other. Xb tiiis method of resolution, 
neither compbnent has any part in the 
other. 

An interesting example of the resolution of a foi*ce into two 
components at right angles is afforded by a pendulum. Consider 
a pendulum at any point in its swing, as shown in Fig. 26. The 
pendulum-bob is pulled downwards in consequence of the attrac- 
tion of gravity, and this vertical force is represented by the line 
BD. The force can, however, be resolved into two forces, one 
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represented by / wliicli the penduluu^ in the direction J>F, 
and the other represeiit.e<l by IIE whicii has no part in moving 
the pendulum, and merely causes tension in the stnng BO. 

Chief Points of (.‘iiaptkr V. 

Eqnal Xassei. — If two Imdies, moving with erpial velo^^itie^i in 
opposite directions, stop dead after colliding, we can conclude that 
their masses are ecpial. If the combined bo<lies move«l after the 
collision their masses could evidently not have l>een etpiai. 

Two masses are equal if when they are made to impinge on one 
another in opposite directions with etpial speeds, and stick together, 
they come to rest. 

'l^he momentum of a hotly is the miantity of motion it lias and is 
cijual to the product of its mass and its velocity. 

The unit of momentum is the quantity of motion in a mass of one 
pound moving with a velocity of one foot jier second. 

The total momentum of several moving masses remains unaltered 
by iinjiact. This can be expressed by an equation (p. 57). 

()n + m'} V= mv + m'v' 

Force. — When a gradual change of momentum is either pi’oduced 
or tends to be produced in a body, that body is acted on by force. 

Unit of Force. —The unit of force can be defined in several ways : 

1. A unit force acting for the unit of time is able to produce a unit 
of velocity in a unit of mass. 

2. A unit of force produces a unit of acceleration in a unit of 
mass. 

3. A unit of forced gives rise to a unit of momentum in a unit of 
time. 

A poundnl is a force which produces an acceleration of one foot 
per se-cond per second iu the mass of a pound, and a dyne is the 
force which, acting upon a mass of one gram, produces an accelera- 
tion of one centimetre per second per second. 

Equal Forces produce equal momenta in ec^ual times. 

The number of units of force in any force is equal to the product 
of the number of units of mass in any body on which it ma^^ act, 
and the number of units of acceleration produced in that mass by 
tlie force in question. 

If F represents the number of units of force in a given force, m 
the number of units of mass on which it acts producing a units of 
acceleration, then we can write 

Fs^mxa 

Hewton's First Law of Motion. — Every body will continue in its 
state of rest or of uniform motion in a straight line, except in so far 
os it is compelled by impressed force to cliange that state. 

F 2 
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Inertia. — The inability hIiowu by a material body of itself to 
change its condition of rest or of uniform motion is called its inertia. 
Inertia may also be defined as the capacity of a body to possess 
momentum. 

The Attraction of Gravity at any place is an example of a Uniform 
Force. — Let a l)ody containing units of mass be attracted t() the 
earth with ir units of force and call theacceleration whicli would be 
produced in it if the mass moveil towards the earth (j units. Then, 

W—m 7 (1). 02) 

W 

and m~ — 

U 

The Weight of a body is equal to the number of units of mass it 
contains multiplied by the number of units of accek*ration pro<luoed 
by gravity in a bo<ly moving freely towards the earth. 

* The acceleration due to gravity is equal to a A'elocity of ,'12 feet- 
per second in evei*y secon<l, or of 981 cm. per sccrnul per second. 

Motion of Bodies falling from Best.— Let 7*=vchMuty with which 
such a body is falling, / the number of seconds thivmgh whicli it falls, 
rj theacceleration duo to gravity. IMien, 

r—fft 

Parallelogram of Forces. — If two forces acting at a point be re- 
presented in magnitude and diiection by the adjacent sides of a 
parallelogram, the resultant of these two forces will be represented 
in magnitude and direction by that diagonal of the parallelogram 
which passes throiigli this point. 

Besolution of Forces. — A single for(;o can be rcj)laccil by other 
forces which will together produce the same effect. Such hi sub- 
stitution is called rtHolrintj tlie force, and the parts into which it is 
resolved are called (•ompouentx. 


Questions on CuArTER V. 

1. Explain fully the circumstances wliich would justify us in 
declaring the masses of two Ixidies to he c<jual. 

2. What is meant by momentum ? Define the unit of momentum. 
,3. There are two Inxlies Avhose masuDs are in the ratio of 2 to 3 

and their velocities in the ratio of 21 to 16. What is the ratio of their 
momenta ? If thtjir momenta arc dne to forces P and Q acting on 
tlie bodies respectively for e(iual times, wdiat is the ratio of 
PtoQ? 

4. The masses of tw’o bodies (P and Q) are in the ratio of 3 to 2 ; 
the former is moving at the rate of 74 miles an hour, the latter at 
the rate of 200 yards a minute. Find the ratio of P’s momentum to 
Q’s momentum. 
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5. What in meant by I'orcc ? What are the results of the actioii 
of force upon a mass ? 

3. Define the Unit of Foret. When ai*#; two forces said co be 
iHjiial ? 

7. How is the number of units of force in any force estimated ? 

S, A force F acting on a mass of 5 lljs. increases its ve? )oity in 
e\ cry second by 12 feet a second ; a second force Fj acting on i 
mass of 28 lbs. increases its velocity in every second by 11 feet a 
second. Find the ratio of F to Fj. 

0. Enunciate Newton's First I^w of Motion. Explain what you 
understand by a natural law. 

10. Explain what is meant by the inertia of a material body. 
<{ivc as many of tlie results of the possession of this property by a 
material hotly as you can. 

11. How is the weight of a given body estiinaUjd? Wliy is 
the weight of a body difierent at the etpiator and at the poles ? 

12. How would you proceed to determine the value of the 
accelci'ation due to gravity ? 

13. Two stones are allowed t<» drop from the same lieight but 
the second stone o seconds after the first. How far ajxirt will 
they be at tlie end of 2 secomls from the fall of the second stone ? 

14. Find the velocity of a ball thrown into the air 2 seconds after 
i1 has ])assed its highest point. 

15. A body falls from a certain height and on reaching the ground 
has a velocity of 120 feet |)er second. What is the height ? 

16. What is the de[)th of a well if it takes 3 seconds for a stone to 
fall from tlie to]) to the bottom. 

17. A body falls freely from I'cst. What is its velocity at the end 
of 1, 2, 3 seconds res])ectively ? 

18. A lK)dy falls from a tower 144 feet high. Fiinl how long 
it takes to ivach the ground and its velocity just before reaching 
it ? 

19. State the juoposition known as the Parallelogram of Forces 
and give an ex])erimental i)roof of it. 

20. What is meant by the resultant of two forces acting at a point ; 
and how can it be determined 

21. The horizontal and vertical components of a certain force arc 
crj[ual to the weights of 60 lbs. and 144 lbs. respecti^'ely. What is 
tlie ma^itiule of the force ? 

22. Forces of 5 and 12 units respectively act at a point. What are 
their directions when their resultant is greatest and when it is 
least ? 

Find the resultant when greatest, when least, and when the forces 
act at I'ight angles to each other. 

23. Draw two lines Oa;, right angles to each other ; two forces 
act at 0 ; one of 7 units fioiif a: to 0 and one of 10 units from 0 to y ; 
draw to any scale straight lines to represent these forces ; draw',, to 
the same scale, the straight line (OR) that represents their resultant ; 
and find from the diagram the number of units of force in the 
resultant, and the numSer of degrees in the angle a;OK. 

24. Resolve a force of 56 lbs. into two others, so that the smaller 
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of the two shall be 33 lbs., and shall act in a direction at riglit angles 
to their resultant. 

25. Two strings, tlie lengths of which are 12 inches and 16 inches, 
have their ends fastened to two points in the same horizontal line ; 
their other extremities are fastened together and they are strained 
tight by a force equivalent to 5 lbs. at the knot, acting vertically ; 
the angle between the strings is then found to be a right angle. Find 
the tensions of the strings. 

26. The I’esultants of two forces, when they act in the siiine and 
opposite directions, are SP-l-TQand P^-Q i-cspectively. Find the 
forces and show that, if each force is increased by a force P, the 
resultant of the two new forces acting at a i)oint at riglit angles to 
one another is 5(P + Q). 

27. Two lines AOIl and COG ai‘e at riglit angles ; and four forces 
act at O, one of 2 lbs. along OA, one of 3 lbs. along OC, one of 5 lbs. 
along OB, ainl one of 7 lbs. along ()!>. Find the value of the resultant 
and show, geometrically, how to find its direction. 

28. A force 65P is resolved into two forces at right angles to one 
another. If one of them is 16P, what is the otlier? 

29. Forces of 7 and 16 units have a resultant of 21 units ; iiinl the 
directions of the forces by a construction drawn to scale. 

•30. Draw an eciiiilateral triangle ABCJ ; a for(;e of 10 unit.s acts 
from A to B, and one of 15 units from A to C. Find their resultant 
by construction. Also fiinl what their resultant would be if the 
force of 15 units acted from C to A. 

31. A force dpial to the wxu’glit of 20 lbs., acting vertically 
U 2 jwards, is resolved into two forces, one of which is horizontal anil 
etpial to the weight of 10 lbs. What is the niagnitude and 
direction of the other conifioncnt ? 

32. Draw a diagram, as well a,s you can. to scale, showing the 
resultant of two forces equal to the weights of 7 and 1 1 lbs. 
acting on a particle w'ith an angle of (iO" between them ; and by 
measuring the resultant, find its numerical value. 

33. Two forces, each equal to a weight of lOlbs. act in directions 
making an an^le of 120'. Find their resultant. 

34. A boat is towed by tw'o ropes, including an angle of 60'. One 
rope is pulled with a force of 20 Uks., and the other w'ith a force of 
55 lbs. Find the resultant force which moves the lioat. 

35. A hall weighing 24 lbs. is kept at rest by two strings, one of 
w’liieh is horizontal and the other inclined to the Axrtieal at an angle 
of 30^ Find the tensions of the two strings. 

36. Four forces. A, B, (J, D, of 1, 2, 3, and 4 lbs. respectively, act 
at a point. B acts at right angles to the direction of A : C to that 
of tlie resultant of A and B ; D to that of the j’esultant of A, B and 
U. All the right angles are to be niflftsured in the same angular 
direction. Draw, as accurately as you can, a figure showing how 
the resultant of all four forces may he found graphically ; and show 
independently, by ealculation, that its magnitude is <^30. 

37. The same force F is made to net continuously on two separate 
masses of 15. lbs and 75 11>s. ; compare the accelerations produced. 

38. Two eitiml masses of 6 lbs. each are connected by different 
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strings passing over the edge of a table with two other uiasseb (;f 
3 lbs. and 18 lbs. respectively. What are t!ieir accelerations and which 
will reach the edge of the table first if both arc placed at a dibtance 
of 12 feet from that edge ? 

39. Two masses of 5 Tbs. and 7 lbs. are connected by a light string 
which passes over a 8in(K)th pulley. Find tJieir ommon ' ccelera- 
tion ana the velocity of either after they have })een ino^dng for 3 
seconds. (The student must think here what is the moving force ? 
and what is the mass on which it acts?) 

40. A certain force F acting for 10 secomls jiroduces in a mass of 
17 lbs. a velocity of 12 feet i>er second ; another force F', acting for 
JO minutes, produces in a mass of 17 ewt. a velocity of 12 yards per 
minute. Find the ratio of F to F'. 

41. One force acting on a mass of 12 lbs. gi\\;s it u velocity of 
5 feet y>cr second, in one-third of tlie time that another force acting 
on a mass of 9 lbs. takes to give it a velocity of 8 feet per second. 
Compare the ffirecs. 

42. U’hal force will set up in a mass of 5 lbs. a velocity of 80 feet 
per seisnid in 5 seconds ? 

43. How many units of force (foot-pound-second system of units) 
niusl act on a mass of 16 lbs. for 4 seconds so as to give it a velocity 
of 3o }'anls per minute 7 

44. A certain force acting on a mass of 10 lbs. for 5 seconds, pro- 
duc.es in it a velocity of 100 feet per second. Compare the force 
with the weight of 1 lb., and find the acceleration it would produce 
if it acted on a ton. 

45. K<jual forces act for the same time on two liodies A 
and II, the mass of the first being four times that of the second. 
W’Jiat is the relation between the momenta generated by the 
forces ? 

4fi. A force moves a body 18 feet in 3 seconds, starting from a 
position of rest. Find the ratio of the force to the weight of the 
iiody. 

47. A pressure equal to the weight of 3 lbs. acts on a mass of SlVis. 
starling trom rest. Find the distance over which the mass will 
move in 4 seconds. 

48. A horizontal fore**, which would statically support 5 lbs., 
acted continuously for 3 seconds on a heavy body initially at rest on 
a smooth horizontal jilane, and at the end of that time the body 
was moving with a velocity of 2U0 yards per minute. Determine 
{a) the acceleration and (/>) the mass of the body. 

49. A mass of 12 lbs. rests on a horizontal table. Find the pressure 
of the mass u]>on the table when the table is made to descend with 
a uniform acceleration of 5 feet per second ]^er second. 

50. A man whose weight is JfK) lbs. is standing in a lift. What 
pressure Mali he cause on the lK)ttom of the lift when it is (a) ascend- 
ing, (h) descending with uniform acceleration Jgr? 

51. Ten pounds hangs by a string from a point M'hich ascends 
M'ith an acceleration of 2 (feet per second per second) ; find the 
tension of the string. 

52. A bullet, weight 1 oz. , is fired from a rifle ; if it has a velocity 
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of 1,520 feet per second on leaving the barrel, what will be its mo- 
mentum at that moment ? 

53. Compare the momenta of two bodies, masses 4 tons and 4 lbs. 
respectively, the former having a velocity of 20 miles an hour and 
the latter ^ feet per second. 

54. If a mass of 16 lbs. was moving at the rate of 100 yards a 
minute and a mass of 4 lbs. at the rate of 6 miles an hour, nnd the 
ratio of the momentum of the first to that of the second. 

55. A bullet, mass I 4 oz., moving horizontally with a velocity of 
1,248 feet per second, strikes a cubical block of wood, mass 25 lbs., 
lying on a smrx>th horizontal plane, and remains imbedded in it ; 
lind the velocity with which the wood begins to move. 

56. If a 500-lb. shot be fired by a .32- ton gun so that the shot 
leaves the gun with a velocity of 1,400 feet per second, find the 
velocity of the gun’s recoil. 

57 . just as a tramcar reaches a man standing by the tramway, it 
has a velocity of SJ feet per second, the man takes hold of and 
mounts the car. What change of velocity takes i)lace ? — the weights 
of the car and man being 1 ton and 10 stones respectively. 

58. Two masses are moving with velocities of 12 feet per second 
and 40 yards per minute respectively ; if their momenta be e(^[ual 
and the mass of one be 6 lbs. , what is the mass of the other ? 

59. A mass of 8 lbs. moves from rest with an acceleration of 10 feet 
per second per second ; what is its momentum {a) after 20 seconds, 
(6) after it has passed over a distance of 20 feet H 

60. The same body is weighed by means of a spring balance in 
London and Rio de Janeiro ; if the weighings show respectively 
20 lbs. 1 oz. and 20 lbs. 2 oz., com^mre the values of (/ obtained. 

61. The intensity of gravity on Jupiter is 2*5 times that on the 
earth ; find the time it will take a body to fall 160 feet on 
Jupiter. 

62. A force E acting on a mass of 10 lbs. increases its velooity in 
every second by 10’7 met per second in a locality where the velocity 
gained by a falling body in a second of time is 32*1 feet per second. 
Compare the magnitude of the force F with the weight of a 
|>ound. 

63. Describe an experiment for demonstrating the principle f)f the 
parallelogram of forces to a class. A nail is driven into a wall and 
two strings are tied to its head. When the two strings are pulled 
liorizon tally and at right angles to one another with forces etjual to 
6 and 8 lbs. respectively, the nail can be dislodged. What forces 
would be needed if the strings were brought together and the nail 
pulled straight out ? Illustrate your answer with a diagram. 

64. Two forces, tlie magnitudes of which are proportional to the 
numbers 3 and 4, act on a point at right angles to eacli other. Draw 
a parallelogram as nearly t<j a scale as you can to sliow the dii ection 
and magnitude of the resultant, and deduce by measuiing your 
diagram, or in any other way, the magnitude of the resultant. 

65. What is meant by the parallelogram of forces ? Give a diagram 
to illustrate your answer. Describe an experiment by means of 
which the truth of the proposition ma^ be verified. 
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66. Two forces P and Q act upon a body. If P acted axone it 
would, in two seconds, produce in the bouy a velocity of 10 feet per 
second, while if Q acted alone it would, in three seconds, produce in 
the body a velocity of 18 feet per second. What velociti es will P 
and Q produce in one second when acting together if the directions 
in which they tend to move the body are— («) identical ; (6) directly 
opposed ? 

Note . — For the sake of practice the student should work some of 
these examples, substituting centimetre-gram- second units for those 
given. 



CHAlTEIi VI 

IMIULLKL miCES AND CKXTIJK OF (JinVlTY 

Parallel Forces.— We have seen that tlie earth exerts a down- 
wanl pull upon all objects on its surface, and that in conse<|iience 
ofthis all things fall to the ground if unsu]>ported. It follows, 
therefore, that everything which is supported aliove the earth’s 
surface is constantly being pulled downwards, even though it 
does not fall. If a beam, for instiince, is sujijiorted horizontally 
by resting the ends upon two posts, each particle of it may be 
regarded as being pulled cauh wards by an attractixe force. ^ 
The direction of the pull is everywhere towards the centre of 
the earth, so for any one sjxit on the eaiih’s surface we may 
consider the attractive forces due to gravity t(i be parallel to one 
another. 

Exit. 51).- Place the ends of a stiff lath or n)d of uniform 
thickness upon two letter balances, or support tin* real by 
hanging each end from a sj)ring l)alance. Notice the weight 
l)orne by eacli balance ; thtsii w^eigh the rod, and so determine 
the proportion of the wxdght supported at each end. 

This experiment represents on a small scale the case of a 
beam referred to before, and by using the spring balances we 
further see that the weight of a beam is equally divided between 
the two su 2 >ports. In other words, w o find that the tw^o upw^anl 
forces exerted by the balances are together equal to the dow ii- 
w^ard force rej^resented l:)y the weight of the beam. 

Exit. 60. — Using the same arrangement as before, notice 
the reading shown by each balance when the lath is su 2 ) 2 )orted. 



VI PARALLEL FORCES AND CFNI’HE OF OPAVlTy 75 

Then j^lacc a weight aiiywhcT'^ upon tlie lath and again t>bsorve 
the reading of eaeh balance (Fig. 27;. Repeat the experiment 



Fio. 27. — To illustrate Kxporiiiieut (K). 


witli the weight in dillerciit positions on the lath, and reed’d 
the results iji eohinins as shown iteknv 


I 

j Weight hUi>]H)rtecl Wciejlil Mi|>i>orlcd 
; )*yA. byU. 


Total 
A 1 IJ. 



Tf columns 3 and 4 are compared n^ter performing an exi>eri- 
uient of this kind they will be found to be practically the same, 
t]iu.s tigaiii showing that when the lath is in o(iuilibriuin the sum 
of the upward forces is eipial to the sum of tlie downward forces. 
The following ex[)erimcnts further illustrate this principle. 

Exit. (il. Sus[)end a light, stiff rod by a string which 
l^fisses over a pulley and luus att.<tched to its other end a weight 
ccptal to that of the 
rwl. I’lie rod can 
then move its if it 
w’erc weightless. 

Fasten ii spring 
balance to a con- 
venient point on 
the rod. Hiispeiul 
w’oights A and D at 
the extremities of tlie 
rod so that they bal- 
ance about this 

point, and show that Fu:. 2 S.— I’amiioi J'’uivcb. 

the magnitude of the 

resultant is equal to the sum of the weights (Fig. 28). 
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Expt. 62. — Attach an ^idditional weight to the atring, whicli 
is fastened to the centre of the rod, and also weights to the 
ends, so that the rod is in equilibrium. Show that the ])ull 
on the balance is equal to the difference of the forces which 
act downwards and upwards respectively. 

Principle of Parallel Forces. — We are now in a position to 
state definitely the principle of jHii’aHel foi’cos demonstrated by 
the foregoing experiments. It may be exiU’cssed as folh )ws : — 

« The resultant of a number of parallel forces is numerically 
equal to the sum of those which act in one direction, less 
the sum of those which act in the opposite direction.” In 

other words, we may say, the resultant is equal to the alfjcbraic 
sum of the forces 

If two efpuil pamltel foires act in the same direction ujmhi a 
}K>dy, the total force will be obtfiined (as might be ex]>ected) hy 
adding the two individual forces together. In like manner, if 
two unetpud parallel foires act in opposite directions the not 
ofiect will .bo found by subtracting the lesser oi the two forces 
from the greiiter, and the direction of the resultiint will be that 
of the greater force. 

Resultant of Parallel Forc<*S.-~It has been shown experi- 
mentally that tlie resultant of a system of parallel forces is 
equal in iruuf nit tide to the algebraic sum of the forces ; the 
direction of the residtaut is the siime as that of the greater of 
the parallel forces. This is illustrated by Expts. 61 and (>2 ; 
for while the forces due to the weights on tlie rod act vertically 
downwards, the resultant, reiiresented by the i)ul] of the 
spring balance, acts vertically upwards. The iHmtinn which 
the resultant occupies with reference to the component forces 
can also be shown by the same experiments, or by the following 
one. 


Expt. 63. — Using the arrangement described in Expt. 62, 
suspend different weights from the rod and then move the 
spring balance along the rod to a point about which the 
weights counterpoise one another. Kepeat the experiment 
with the weights at unequal distances from the balancing 
point, and observe in each case (a) the reading of the spring 
balance, (h) the distance of each weight from the point at 
which the spring balance is attached to the rod. llecord as 
below and compare columns 5 and 6. 
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Wt. A. 

Wt. B. 

Diflt. Ac. 

Dist. I>c. 

AxAc. 

BxBc. 




i 

j 



The first part of a rocoixl t>f this kind will show that the 
magnitude of the resultant force is equal to the sum of the 
components, wliile the second part wdll prove that in each case 
when the nxl is in equilibrium one wciglit multiplieil by its 
distance from the point of action of the resultant is equal to 
the other weiglit multiplied by the other’s distance from the 
resultant. Or, expressing the result as an equation, and sub- 
stituting the wonl force for weight, we have : — 

Force on ^ Distance from _ Force on ^ Distance from 
one side Resultant ~ other side Resultant. 

If the component forces are equal, their distances from the 
resultant will also be equal ; and if they are unecjual the re- 
sultant will always be nearer to the greater force. In other 
words, a small force is at a large distance from the resultant, 
and a large force is at a small distance. 

This follow^s from what has been already said (p. 49) con- 
cerning the moments of forces tending to turn a body in 
opposite directions. It will be remembered that the moment 
of a force is obtiiined by multiplying the force (measured in 
units) by the iioipcndicular distance between the point at which 
it acts, and the fulcrum or hinge about which the body turns. 
If a rigid object such as a lever or balance, capable of turning 
about a fixed point in one plane is at rest, then the sum of the 
moments of the forces tending to tum it in one direction is 
equal to the sum of those tending to tum it in the opposite 
direction. Expressed as an equation, we have : — 

Sum of moments _ Sum of moments 
on one side of fulemm on other side of fulcrum. 

Still another way of regarding this important truth is to say 
tihat the algehimc sum of the moments is altmys 4qxial to 0. 

Oonditionfi for the Equilibrium of Three Parallel Forces. 

— The student should now be in a position to understand clearly 
the conditions which must prevail for three parallel forces to be 
in equilibrium. 
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Exit. 04. — Suspend a light rod horizontiilly from two spring 
balances (Fig. «^nd hang a weight from any ]>oint between 
the balances. 

Observe (<n) the readings of the balances. 

(/>) Tlie length of the rod between the Ijalanees. 

(«) The lengtli r>f rod between the weight and the balance 
on each side. 

Vaiy the distance of the weight, and again make observa- 
tions. Also repeat 
the experiment with 
a different weight. 

Neglecting tiio 
weight of the rod, this 
experiment is a de- 
monstration of the con- 
tlitions for the ecpii- 
libriiim of three paral- 
lel forces. The weight 
Fia. 20.— Etiuiin)riura of Three Parallel Forces. ^vill be found to be 

effual to the sum of the 
readings of tlie spring balances. In other woi’ds, the resultant 
force will l)e found etj[ual to the sum of the components. More- 
over, the readings of the spring balances will be found to be in 
inverse ratio to the distances of the balances from the weight ; 
wdiile the weight itself will be proportional to the lengtli of the 
rod between the balances. The relation is showm graphically 
by Fig. ilf), in wdiich the three forces are represented 



W 

Fia. 80. — Equilibrium of Parallel FurccH. 


by the lines, CW, AD, BE. The forces bear exactly the same 
proportion to one another as the distances AB, BC, CA. We 
have, therefore, as the conditions of equilibrium of three paraUel 
forces the following expression : — 
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Force CW _ Force AD __ Force BE 
DiHtiuice AI> liiHbiiico BC Distance CA 

Oi’, oxjneHHcd in words, each fnrve Ispropt^rfiinud to the (lisUoire 
bet the other tiro forces. 

Example.— A wciglit f)f 3?0 lbs. is suspended from h light 
rod (whose w eight may lie neglected), the ends of which rest 
upon the shouldei's of two men, A and B (Fig. .‘51). The rod is C 



Fid. Sl.—nyliitlou ijf l*{vmUcl Forccft t'> one unothcT, 


feet long, and tlie weight is 2 feet from the man A, and 4 feet 
from the man B. VMiat proportion of the w eight is home by 
each man 'i 

From the above w e see that 

Amount boi'ue , Amount home _ B’s distance . A’s distance 
by A ’ by B from weight * from weight 

= 4:2 = 2, 

So that the man A beat’s twice as much as the man B, that is, he 
bears 80 lbs. and B ctimes 40 lbs. 

The Principle of Moments applied to Parallel Forces.— It 
w'ill be evident thfit the preceding ]iroblem resolves itself into 
one on the moments of forces. Suppose we consider the 
shoulder of the man A to be a fulcrum about wliich the rod 
may turn, then, since the rod is in equilibrium, the moments 
of the forces tending to turn it are ecpial and opiK)site. We 
may, therefore, wwite : — 

B’s exertion x distance from A = weight x distance from A. 
Or, B’s exertion x AB = 120 x 2. 

That is, B’s exertion x 6 = 240 
240 

Therefore, B’s exertion = — jp- = 40 lbs 
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The force exerted by A may be found in a similar way by 
taking the moments about the shoulder of B considered as a 
fulcrum. In this case we have 

A’s exertion x distance from B == weight x distance from B. 

Or, A’s exertion x 6 = 120 x 4. 

120 X 4 

Therefore, A’s exertion — - =80 lbs. 

u 

We may also consider the moments of forces acting at the 
point C, from which the weight is suspended. Then we have 

A’s exertion x AC = B’s exertion x BC 

Or, A’s exertion x 2 = B’s exertion x 4 

nxt, £ B’s exertion x 4 

Therefore, A s exertion == ^ — — 

= B’s exertion x 2 

If B’s exertion is denoted by .r, then A’s exertion is expressed 
by^c. The total weight supported is 120 lbs. ; so that 

A’s exertion + B’s exertion = 120 lbs. 

Or2x + X = 120 „ 

That is Sx == 120 ,, 

120 

Therefore x — — = 40 lbs. 

3 

= B’s exertion. 

We have thus taken moments about three different points and 
have found that they all give the same results. As a matter of 
fact, it does not matter what point is considered as the fulcrum 
when forces act upon a body in one xdane, in the manner here 
considered. Under these conditions the rule already given for 
the moments of forces holds good, and the moments may be taken 
about any point in the plane in which they act. As it is im- 



4 - 

Fio. 32.— To illustrate the Principle of Moments applied to Parallel Forces. 

portant that the student should thoroughly understand this, we 
give another example 
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A uniform beam, 12 feet long, is f ipported at its two ends, 
A and B. The beam weighs 4 cwt., and hanging from it at a 
distance ()f 3 feet from A is u weigh! c*f 2 cwt. \\'hat is the 
lU’CKsure mi each support ? 

As the rtnl is uniform, its weiglit, as we shall see later (p. b:*), 
may bo considered to bo concentrated at the middle point. 
Then taking moments about A, and denoting by S the force 
exerted by B, we have the following ecphition : — 

S X BA - (2 X AD) + (4 X AC) 

Or 8 X 12 = (2 X 3) + (4 X C) 
lienee 12S = 30 

Therefore S ~ = 2i cwt. 

12 

In a similar way, by taking moments about the point B, wo 
have, when 8* denotes tlie force exerted by A 

81 X AB -- (2 X DB) 4- (4 x CD) 

Or 81 X 12 (2 X 0) + (4 x 0) 

Hence 12Si 40 

And 81 — — 3^> cwt. 

12 


It will bo noticed that 8 + == 6 cwt., w^hich is the total 

weight home. From tliis it follows that if the force exei’ted by 
one su])i>ort is found, the force exei’ted by the other support can 
bo detennined by subtracting the fii*st force from the total 
weight Ixmie. 

Centre of Gravity. — Consider a large number of weights, 
some heavier than others, suspended from a horizontal rod 
arninged as in Expt. (51. A cerbiin position could be found at 
which the spring balance would have to be attached in order 
to keej) the nwl in cipiilibrium. Wlien the rcxl is hung from 
tliis ]»oint the tendency to turn in one direction is counteracted 
by the tendency to turn in the other, so the rod remains 
horizontal. The w^eights may bo regarded as parallel forces, and 
(he s])rmg balance as e(|ual to their resultant. Nowr consider a 
stone, or any otlicr oljject, suspended by a string. Every jiar- 
ticle of the stone is l)eing pulled downwaixls by the foi*ce of 
gravity, as indicated in Fig. 3iJ. The resultant of these parallel 

u 
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forces is represented by the line GF, and the centre of the 
forces is the point G. The point G, through which the resul- 
tant (GF) of the parallel forces due to the weights of the indivi- 
dual particles of the stone passes, is 
known as the centare of gravity. For 
the stone to be in ec^uilibrinin, the string 
must be attached tt) a i)oint in the line 
GF, or GF produced. 

Every uiateiial object has a centre of 
gravity, and the position of this point 
for a particular object is the same so 
long as the object retai)is the same 
form. 

Experimental Methods of Deter- 
mining Centre of Gravity.- -TJie centre 
of gravity of such geometrical figures as 
circles, squares, and parallelograms is 
really the centre of the figures, and can tlierefore be determined 
geometrically. In the case of unsymmetrical figures, however, 
the centre of gi'avity cannot be so easily found by geometry, 
and is best determined by experiment. The following experi- 
ments illustrate the method ^)n])loye(l, and the j>rinciple 
involved : — 

Expt. Go.— P rocure an uncut pencil. Tie a piece of thread 
round the pencil and adjust the thread in such a ])osition that 
the pencil is suspended horizontally from it. Measure the 
distance of the thread from each extremity of the pencil. 

The pencil may be regarded as a straight lino, and the 
observations will show that the centre of gravity is in the 
middle of it. 

Expt. 6G. — Obtain several sheets of wood, zinc or ctuxlboard 
cut into various shapes as shown in Fig. 34, and drill holes in 
the positions indicated. Using one at a time, tie pieces of 
string to the sheet, passing each through one of the holes. 
Hang the plate by one of the strings to a support such as one 
of the rings of a retort stand. Allow it to come to rest and 
draw a chalk mark across the jdate in the same straight line 
with the string as shown l>y the dotted line in the hguie. 
Now attach the same plate by one of the other threads exactly 
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as before and again make a mark in continuation of the string 
The two chalk marks intersect at a point marked G. Fig 35. 
Untie and do the same with another string, the third line 



Fji;. 34. —Figures for the L>cicnimiati<ai of Centres of Cravity, 

jjasscs through the intersection of the first two. Ubttiiii a 
similar point for each of the other plates. Also determine iii 



s 


Fin. 30.— The Dcteniiiiialioii of Cciilrc of (Jmvily. 

the same way a similar p(»int for irregular plates of wood, zinc 
or cardboard. 

Exit. 67.- Balance the })iecos of wood, zinc, or cardboard, 
one after the other, upon a pointed upright, at the intersection 

G 2 
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of the chalk marks; each will he found to sot itself in a 
horizontal position. If the plates are of cawlboard, a bettor 
]dan is to make a pin-hole at the centre of gravity and })aHs a 
thread knotted at one end through it. The })late can tlien be 
held u]) and will be found to set horizontally. 

Expt. ()8. — Deterinino experiinentidly the centre of gravity 
of a plate in the form of a i>arallelogi*am. Mark the point 
with a pencil ; then turn over the plate and draw tlie two 
diagonals uix)n the opposite side. Make a pin-hole wliere tlio 
diagonals intersect. The p<»iiit wlierc the diagonals intersect 
will 1)6 found to be practically the sjime as the centre of gravity. 
T Centre of Gravity of a Triangular Plate.“-Exi*T. m.- 
Kejieat the preceding experiment, with a triangle cut out of 
canlboiird. After finding the centre of gravity, ]»i ick a pin- 
hole through the cardboard, then tui*n over tlie triangle and 
diviw a line from each angle through the piu-hole to tlie 
opposite edge. Now, biking each edge in turn as the base of 
the triangle, determine (o) the lengtlis of the t wo parts int/»» 
wliich oacli base is divided by the lines drawn, (/>) the ])ro|M»i*- 
tion wliich the disbiiice of the hole from each base bears to 
the length of the line from that base to the opposite angle. 

It will be found as the result of this exporimont that the line 
from each angle to the base divides the base into two equal 





Fid. 30.— Gcomotiical ilhislnition of Ccuti'o of Gravity of a Truiiigular riuii'. 


\)arts, and also that the distance of the hole from the base is 
onc-thiid the whole length of the line. VVe may, in fact, con- 
sider a triangular plate as made up of a number of narrow strips 
of matorial which decreases in loiigtli from the base to the apex. 
The centre of gravity of each strip is the middle of the strip ; 
hence the line drawn from the apex to the middle of the base 
passes through each centre of gravity. By taking another side 
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RH base a similar lino can be drawn from the middle to the 
opposite angle. These lines intersect at one-third the distance 
up, measured from the liase, and the pjnnt of intersection is the 
o< itrci of gmvity of the triangular jdato (Fig. •>*)). 

Centre of Gravity of a Quadrilateral.— Exit. 70.— Cut 
a four-sided Hgtiro out of cardboard, and draw a line connect- 
ing t\v«)of the o]>posi to angles. Find by bisecting this line and 
biking one-tliii'd the distance from the middle to the opposite 
angle, the centre of gravity of each of the tiiangles into 
which the figure is divided. Connect the two ])oints found. 
Then draw the other diagonal of the quadrilateral, repeat the 
measures, and connect the centres of gravity as before. 
Make a hole Avlie^o this short line cuts the other, and show, 
by passing a piece of knotted thread through it, find so sus- 
pending the cjirdboard, that the point determined in this 
way is the centre of gravity of the wliole figure. 

Other Centres of Gravity.— Expt. 71. —Procure a skeleton 
cube or tetrfvhedron, and suspend it as in the preceding experi- 
ments. Mark the verticals through the point of suspension 
]>y light wires atbvched by wax, and thus find the position of 
the centre of gravity. 

The centre of gi’avity of fvskeletJm cu[>e may be found in this 
way to be the intersection of the* dia^nals. In a' similar 
mjinner, the centre of gravity of i\ right Cylinder imiy be sliown 
to bo the middle ])oint of the axis. 

Exi’T. 72. — Find the centre of gravity of an open wicker- 
work basket, such as a waste-paper basket. To do this, 
suspend the Imsket, and hang a idumb-line from the point of 
suspension. Tie a ])iece of thread across the basket in the 
direction of the plumb-line ; then sus})end the basket from 
another i)oint, and notice where the plumb-line crosses the 
thread. The ifoint of intersection is the centre of gravity. 

EiluilibriUlU. — When a lK>dy is at rest all the forces acting 
upon it balance one another (or, what is the same thing, any 
force is equal and op])osite to the resultant of the remaining 
forces) and it is said to be in equilibrium. It is in stable eqni- 
lihnim when any turning motion to which it is subjected raises 
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the centre of gravity ; in uiistahle equUibrinvi when a similar 
movement lowers the centre of gravity, and in neutral eqni- 
librinm when the lieiglit of the centre of gravity is unaftected 
by such movement. C'ousequently, if a body in stable equilibrium 
is disturbed, it returns t o its original position ; if in unstable 
equilibrium, it will, if disturbed, fall away from its original 
])osition ; while if the condition of equilibrium is neutral it will, 
under similar circumsbinces sbiy where it is moved to. 

Kxpt. 73. — Procure an oblong strij) of l>oai'd or cardboard 
(Fig. 37). Bore a hole through the oblong near one end, and 
one through the middle. Su}>port the strij) as at A ; it is 
then in stable equilibrium, for the slightest turn either to 
right or left raises the centre of gravity. When supi)orted as 



A B C 


Fig. 37.— Coftditionp of EqollibrinTn. 

at B, the strip is in neutral eejuilibrium ; and when supported 
as at C it is in unstjible equilibrium. 

A ball resting ui)on a table is in neutral equilibrium ; for when 
it rolls the height of the centre of gravity is not clianged. 

Conditions of Stability.— Exrr. 74. —See whether any of 
the cardboard figures used in the preceding experiments can 
bo bung loosely from a pin with the centre of gravity above 
the pin. Try the ex])eriment with the pin at different dis- 
tances from the centre of gravity. In each case notice the 
direction of the line connecting the centre of gravity with 
the point of support when the figure comes to rest. 

Tliis experiment illustrates the conditions with reference to 
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centre of gravity and point of suppovc which must be fulfilled 
in order that an o})ject shall be in equilibnum. It will be found 
that the centre of gravity is in every case below the point of 
si’pport when the suspended object is in etiuilibnuLi. The 
greater the distance between the point of support and the centre 
of gravity, the greater is the tendency to return to the position 
of equilibrium. 

When the centre of gravity and the point of support of an 
object arc close together the equilibrium of the object is easily 
disturbed. A good balance partly owes its sensiti^ eness to this 
condition, the centre of gravity and point of support being 
designedly brought close together. 

It has been shown that in the case of a freely suspended 
object the centre (if grjivity is at its lowest point when the 
object is in equilibrium. Let us see how this applies to a body 
supported upon a surface below the centre of gravity. 

Equilibriimi of Object resting npon a Base.— Expt. 75.— 
Procure an oblong block of wood of about the same size as this 
book, and about an inch thick. Draw the two diagonals on one 



Fi«. 38.— Relation betwocii Centre of Gravity and the Base of Support. 

of the faces ; the centre of gravity of the block will be inside the 
block at a point below the intersection of the diagonals. Press 
a pin jmrtly into the block at the point where the diagonals 
intersect, and suspend from it a small plumb-line made of a 
short piece of thread and a bit of lead (Fig. 38). Now place 
the block upon a board, and notice the direction of the plumb- 
line. Tilt the board until the block topples over. When 
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this happens, notice the direction of the plumb-line witli 
reference to tlie base. 

It will be found l)y this experiment- tliat tlie block to]^pleM 
over as sixui as the plumb-line falls beyond the p(»int A of tlie 
base. For any object resting u])on a base to be in equililu iinn, 
a verticid line d]*awn from the centre <»f gravity d»>wiiward must 
fall within the base. When this vertical line falls outside the 
base, the body topples over. 

Exirr. 70.— Re])eat the j>receding experiment with thick 
Idocks of wood triangular in sliape, and with cylinders and 
•cones. In this way show that a ])ody is only in c(|uilil)rium 
^hen the centre of gravity is vertiwdly above some point of 
the supporting suiface. 

Ttwwill be evident from these experiments that a Ixxly is least 
liable to be upset when the centre of gravity is at a considerable 
distaiKH^ from all parts t)f the edge of the base ; for when this is 

the case the body lias 
to 1)0 tiltixl through a 
largo a]*c before the 
centre of gravity falls 
outside the base. 

A funnel standing 
upon its mouth is an 
example td a body 
which cannot be easily 
oveiturned on account 
of the low centre of 
gi’avity and its disttince 
from the edge of the 
base (Fig. 159). It is then in stable equilibrium. If the funnel is 
stood upon the end of the neck it can easily be overturned, 
because very little movement is retpiired to bring the centre of 
gravity outside the base. It is then in imstiiblo e<iuilibrium. 
When the funnel lies upon the tiible it is in neutral e(pulibrium, 
for its centre of gravity cannot then get outside the i)oiuts of 
support. 



Fia. 3!). — A funnel in (A) Stable Equilibrium, 
(B) Uiistiiblu Equilibrium, (C) Neutral Equi- 
librium. 
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Chief Points of CiiAri'EPw VI. 

Parallel Forces.— Tlic rcauUaiit of aiiniu))erof pirallel fo^’ocs is 
nniiipripally equal to llic sum of tlu3se wliicJi act in one direction, 
less tlio sum of those uhicli act in the opposite direction. In other 
words llie resultant of a system of |>nrallcl forces is equal in nmtfin- 
(mh to llie algehraie sum of the fore»;s ; the tiinrfion of tlie 
resultant is tlie sjiine as that of the greater of tlio parallel forces. 

. The Centre of Gravity of a rigid iMwly is the point upon which the 
iKxly could l)e supported or balanced ; in otlier wov<ls, it is the point 
through w'hich the resultant of the piuallel forces dae to ilie weights 
of the individual particles passe.s. 

Every material object lias a centre of gravity, and the position of 
this ]F)int for a particnlar object is the same so long as the ohjeirt 
retains the same form. 

The centre of gi*avity of such geometrical figures as inrclcs, sipiares 
and ]»arallelograms is the centre of the figures, and can be determined 
geometrically. The centre of gravity of iinsyininctrical figures can 
lie determined by experiment. 

^J’Jie centre of gravity of a triangle is located on the line drawm 
from one of the angles* to the middle jKiint of the side opposite and 
at a distance of one-third of this line’s length from that side 
of the triangle. 

Eqailibrium. — A l)ody is said to be in equilibrium when all the 
forces acting upm it balance one another. It is in stable eqailibrinm 
when any tuniiiig motion to which it is subjected raises the centre 
of gi’avity ; in unstable eqnilibrinm w'hcn a similar motion low’ers 
the centre of gravity ; and in neutral equilibrium wiien the height 
of the centre of gravity is uimflected by such inoveniciit. 


QrESTIONS ON ClTAFTER VI. 

1. Describe an experiment to prove that the resultant of a number 
of parallel forces is numerically equal to the sum of those which airt 
in one direction, less the sum of those which act in the opposite 
direction. 

2. State the conditions for the eijuilibrium of three parallel forces. 
Doscrihe an experiment wdiich sliows these conditions. 

;i. Apply the principle of moments to explain the conditions of 
e(|nilibrium for jiarallel forces, (live an example. 

4. What do you uiiderstaiul by the centre of gravity of a Ixsly ? 

o. Describe an experimental method for finding the centre of 
gravity of any Isnly, c.r/., a waste-paper basket. 

fi. Where is tlie centre of gravity of a triangle located. 

7. How' could you find by a geometrical construction the centre of 
gravity of a circular plate, a square piece of cardboard, or any otlier 
geometrical figure ? 

8. When is a body said to be in equilibrium :: Distinguish between 
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unstable, and neutral equilibrium. What is the condition 
which determines the nature of the equilibrium ? 

9. Describe an experiment which exemplifies each of the terais in 
the preceding question. 

10. Give instances of bodies in stable, unstable, an<l neutral equi- 
librium. 

11. How would you detenninc the centre of gravity of an iron 
hoop made by joining two semi-ciniles, one thicker than the other? 
Explain how the observations could be used k) find out which was 
the thicker half of the hoop. 



( HAPTER VTt 

JillXriPLE OF ar(:himei>es, and relative density 

Principle of Archimedes. — Every one has noticed, when in 
water, that the l)ody is buoyed up and appears lighter than when 
on land. The li(]uid appears to exert an upward force of buoyancy 
which ])artly counteracts the 
weight of the Ixnly. The force 
which a liquid exerts upon an 
object immersed in it is measured 
in the following experiments : — 

Expt. T7. — Suspend from a 
spring balance a metal bjill or 
<aibe or cylinder, the volume 
of which is known or can be 
Ctalculated from the dimen- 
sions. Or, instead, use any 
object, such as a glass stopper, 
the volume of which lias pre- 
viously been determined by 
disjdacement of water (see Expt. 43). Notice the weight 
of the object in air, when suspended from the balance ; then 
immerse the ball in a glass of water and obsen^c the apparent 
l<»ss of weight (Fig. 40). 



Weight in air 
(gnirns). 

Weight in water 
(grams). 

Difference 

(grams). 

Volume In 
cubic centimetres. 
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Tho number c»f cubic centimetres in the object is also the 
number of cubic centimetres of water displaced by the object ; and, 
since one cubic centimetre of water weighs one gi*am (the weight 
varies slightly at different temperatures, but w(‘ may disregaril 
the variation hero), the number of grams whicli thi) water dis- 
jilactHl weighs is the 8;\uio as the number of eul)ic centimetres 
disjdaced. Tho exiieriment will show that tho loss of w'oight of 
an object submerged in water is equal to the >veiglit t>f the water 
displaced by Uie object ; or, expressed in another w'ay, thi npflirnsh 
pj'.pprhnrfid by an object immerml in mUer in apail to the v^bfht of 
the imler displaced, 

Expt. 78. — Repeat Expt. 77 with a pair of scales instead of 
a spring balance. To do this, suspend the ob ject by means 



Tio. 41.~Dot»mlnation of tlie Losb of Weight of a Body In Water. (But notice 
the stopper is msimided feom the tn'cng am, see p. 61.) 

of a piece of thread from a hook above tlio left pan of a 
balance, and weigh it. Then place a glass of water upon a 
I)hitform or stage so that the object is immoi*sed as in Fig. 41, 
and weigh again. The loss ()f weiglit will, as before, be found 
t.o be e(pial to the weight of the volume of water displaced by 
the object used. 

Expt. 79.— Using the gi-aduated glass jar already described 
(Expt. 41^), fill it about two-thirds full of water, noticing the 
mark level with the top of the water. Procure a cylindrical 
tin canister about half the diameter of the jar, J^acc the 
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cjuiLstcr in the water, fuul gnvdually pift shot into it until it 
just sinks in the water when the cover is on. Pour the water 
displaced by the cfiiiistor into a beaker c()untcr])oiKe4 upon a 
iMilanco ; then Uke out the cjuiister, wipe it, c;nd plac‘; it in 
tlie other pan of the balance. You will tirid that the weight df ' 
the canister is practically the same as the Aveight of Ijio water 
displaced. 

Exit. 80. — lleiMS^it the preceding experiment, using another 
• litpiid, such as methylated spirit or turpentine instead of 
water. 

Tlie foregoing experiments justify the following conclusion — 
known as the “Principle of Arcliimedes : — When a body is 
submerged in a liquid it loses weight equal to the weight 
of the liquid displaced by it. This principle apjdies to all 
bodies, whether they are lighter or lieavier than the liquid in 
which they are immei*sed. 

So far we have only referred to IsMlies wliich sink, or remain 
suspended, in the li<|uids disjJaced, and it is now neeessiiry to 
deal wilh Ixidies which float. 

Experiments on Flotation. - Ex rr. 81. —Procure a rect- 
angular rod of wo(m 1 or a])eneil, and wxigh it. Select a narrow 



Fio. 42.— Flulatiuu of WikkIcii Itud iu a Ilurullc and in a Cmdnatod Jar. 

glass jar graduated into cubic centimetres, or a burette ; fill 
it with water up to a certain mark, and put the rod into it. 
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(Fig. 42). Notice length of rod imiiierHed and how many 
cubic centimetres or grams of water arc displaced by the rod. 
Repeat the experiment with turi)cntine, brine, and methy- 
lated spirit, in each case running off the Ihpiid dis]>laced and 
weighing it. Record your observations as below 


Length of immersed poition of rod 

... cm. 

Length of whole rod 

... cm. 

Weight of rod 

. ... gm. 

Weight of liquid displaced 

. ... gm. 


A comparison of the results thus obtained will show that the 
weight of the whole rod is equal to the weight of the lijpiid 
displaced by the portion of the rt»d immersed. 

Exft. 82. — Procure a wooden cube or rectiingular block. 
Slightly oil the block and place it in a glass of water. Mark 
ttpon it with a pencil where the surface of the water touches 
it. Then take out the bh)ck and detennine the volume of tlie 
immersed portion in cubic centimetres. You will then knew' 
the volume, and therefore the weight, of the water displaced. 
Record as below : — 

Weight of block gm. 

Volume of immersed portion of block ... c.c. 

Therefore weight of water equal to 

the immersed portion of blodc gin. 

In this case, again, it will be found that the weight of the 
whole block is equal to the weight of the volume of water dis- 
placed by the portion immersed. 

Expt. 83.— Procure a large wooden pill-box, and float it, 
by adding shot, without the cover, in water, up to a mark 
which you have made beforehand upon the curved surface. 
Show, as before, that the weight of the volume of water dis- 
placed is equal to the weight of the whole box and the shot. 
Repeat the experiment by putting more shot in the box, and 
so making it siifk deeper in the water. 

Expt. 84. — Fill the graduated jar with w ater uj) to a certain 
mark, and then float a test-tube in it. Put sufficient shot into 
the test-tube to make it float upright ; and, when it does so, 
notice the volume of water above the initial level of the water 
in the jar. The weight of this water in grams will be ei^ual 
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to the number of cubic centimetres above the initial level. 
Take out the test-tube and weigh it ; the weight will be found 
equal to the weight of water displaced. Repeat the experiment 
with the test-tube floating at diflforcnt depths. 

Applications of Archimedes's Principle. —From the foregoing 
experiments it is easy to understand many interesting facts. 
Fc»r instance, a ship made of iron and containing all kinds of 
heavy things is able to float in water although the material of 
•which they are made is heavier than water. Evidently the 
reason is that the shij) and all its contents only weighs the same 
as the volume of water displaced by the immersed part of the 
hull. Or, put the fiict another way, the ship as a whole 
weighs less than a imiss of water tlie stime size as the shij) would 
weigh. We have seen (Expt. 7fl) that when an olqect weighs 
the same as an ei^ual volume of water, it will remain suspended 
in the water ; when it weighs more than an eciual volume of 
water it sinks (Expt. 78) ; and when it weighs less than an equal 
volume of w^ater it floats (Expts. 81 and 82). This principle 
applies to idl fluids, that is, all li(|uids, and to all gases as well. 
It explains that a balloon rises because the gas contained in it, 
together with the bag and all the tackle, weighs less than the 
w'^ht of an e(|ual volume of air. If the balloon were free to 
ascend it would rise to a height where its w^eight would be equal 
to the weight of an equal volume of the suiTounding air. 

Density. — We shall now apply the principle demonstrated by 
the foregoing exjtcriments to the determination of the densities 
of solids and liquids. 

Expt. 85. Procure equal volumes of different substances, 
c.f/., a cubic inch of wood, lead, cork, marble, and determine 
their masses by means of a balance. Notice they are diffei'ent. 

Expt. 86. Compare the volume of a pint of water w’ith that 
of one and a quarter pounds of iron. Obser^^e their masses, 
as determined by a balance, are equal, but their volumes very 
unequal. 

Exirr. 87. Fill two equal flasks with w''ater and methylated 
spirit respectively, and weigh. Show that the masses are 
different. 

W e thus see tliat equal volumes of different substances have 
different masses. This truth is expressed by saying they have 
different densities. , 

If we keep to the unit of volume, the uumbera representing 
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tlio masses of this volume of the kinds of matter we experiiiiont 
upon are a direct mctisure of the densities of these bodies. Wo 
can thus define it -Density is the mass of a unit volume of 
a substance. It follows from this definition that if tlie volume 
of a body is multi j died by its density, we shall obtiiiii its mass 

volume X density ^ mass 

or density = iijass 
volume. 

In using this relation between the volume and Jiiass care must 
bo tiikeii to use the proper units. In all scientific work it is 
customary to adopt the cubic centimetre and gram as the units 
of volume and mass resjjectively. 

Density can be regai-ded in another way. It is clear that if 
we pack twice the amount of mass into a given volume we shall 
have doubled its density, s<» that density may be hxjked upon 
asH-lie closeness Avitli which a mass is packed into a given 
volume. 

When we use the cubic centimetre ami graiii as tlio uiiits of 
volume and mass and apply the e<juation given above, the 
density of water at 4° works out to be 1 ; for all other forms 
of matter the number will be either a fraction or multijpl© of 
this value. 

Relative Density. — Hence the ratio of the weight of anij 
rolume of a substance to the weight of the same volume of water 
at 4° C. is etpial to the absolute density of the substance, while, 
since the density of water only changes slightly with the tern per?i- 
ture, the ratio of the weight of the substance to the weight 
of water at temperatures other than 4° is a number very nearly 
ec^ual to its absolute density. This ratio is the relative density 
of the body, or, as it is frequently called, the Specific gravity.^ 

When rehitive densities are used, care must be taken to indi- 
cate the temperature of the water to which its weight is referred. 
Thus, relative deiiMtif alcohol indicates the ratio of the 

weight of e(j[ual volumes of alco}iol and water, })«)th at 15'; 
while if wo wrote ^“ 74 ^ it would indicate the ratio of the 
weight of any volume of alcohol at 15' to that of the same volume 
of water at 4^. 

TJie student should ciirefully notice the dilierence between the 

1 'I'lio term H))ecific gravity in so generally UHod in lliiH ticiiMo that tliia iiicuiiiiig 
is hero given. It is, liowovor, prefor.ible to restrict the tomi to its true nicaiiing, 
i.f.f the irdftht of unit volume, aud to always use the tenu relative de/usify when 
the above ratio is mount. 
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nieaniiign of the terms density or abnokde density and relative 
density : the first is dependent on the units of mass and volume, 
the second being merely a numerical ratio does not vary with 
tin-. ■ units. 

Hydrostatic Method of Determining Relative Densities. - 

It has already been pointed out, and illustrated by experiment, 
that equal volunu'S of diflerent materials have different masses, 
which truth is expi*essed by saying that they have different 
absolute densities. Again, the experiments on the princijjle of 
Archimefles have shown tliat some substances arc Imavier and 
some lighter than an equal volume of water. Let us use the 
pnnciple to find exactly how much heavier <»r lighter certnui 
substances are than an equal volume of water, that is, their 
rdative densities cf)m]).ired with water as a stamhuTl. 

There are two numbers which we wish to determine : — (i) Tlie 
weight of the body of which the density is required, i.e., its 
weight in air ; (ii) the weight of an equal volume of water. 

The first number can be obtained directly by hanging the Ixxly 
from a hook at the top of one scale pan, and tlien placing accurate 
weights on the other, until the weight of the body is exactly 
balanced. This only reciuires practice to be able to accomplisli 
it with the greatest jmecision. To find tlie second number, a 
glass of water is placed upon a small platform (Fig, 41) so that 
the body under experiment is immersed in it. The loss of weight 
then experienced is equal to the weight of an equal volume of 
water. This experiment shows, therefore, the weight of the 
body and the weight of an equal volume of water. The propor- 
tion between these two numbers, that is, the first divided by 
the second, is the relative density of the body. For, 

Relative density = 

weight of e(|ual vol. of water 

And as 

loss of weight in water = weight of equal vol. of water 
w'c can put down 

Relative density = we^ht of Bntotance 
loss of weight in water 

Expt. 88. — Find by weighing, and determining the loss of 
weight in water, the relative densities of a halfpemiy, a 
shilling, and a sovereign. 

Expt. 89. — ^Find, by the method of the preceding experi- 
ment, the relative densities of two or three common solids, 

H 
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such as brass, sulphur, copper, zinc, lead, glass, coal, and 
flint. 

Expt. 90. — (1) Weigli a piece of india-rubber. Cut a strii) 
of lead, or of other metal, sufficient to act as a sinker 
to the india-rubber, and weigh it (2) in air and (3) in water. 
Attach the india-rubber to the lead, and find (4) the combined 
weight in water. 

Tlien from 2-3 you know the weight of the volume of 
water equal to tlie volume of lead, and from (l-i-2)-4the 
weight of the volume of water equal to the combined volume 
of the leiul and rubber, and hence the difference between these 
values gives the weight of the volume of water ccpial to the 
volume of tlie rubber. 

Exit:. 91. — Repeat the preceding experiment with different 
kinds of wood, cork, and other solids which float in water, 
lising a piece of le;id as a sinker in each case. 

Expt. 92. — Weigh a glass stopper in air, then immerse it 
successively in water, turpentine, methyhited spirit, olive oil, 
and petroleum, and notice the loss of weight in each case. 
The loss of weight experienced by the glass stopper in each 
experiment is e(iual to the weight of a portion of liquid of 
the same volume as the stopper. The niimbefs obtained 
therefore represent the weights of equal volumes of water, 
turpentine, methylated spirit, olive oil, and 
petroleum, and by dividing each by the 
number obtained in the case of water, the 
relative densities of the liquids are 
obtained. 

Determination of Relative Densities by 
Relative Density Bottle.— The method i>f 
detennining the relative densities of li(]uids 
))y means of the i>n‘nciple of Archimedes is 
an indirect one ; a simpler plan is to use a 
specific gravity or relative density bottle. 
Such a bottle (Fig. consists of a small 
glass flask, holding about 60 grams of water. 
It is provided with a nicely-fitting ground 
stopper, which is in the form of a tube 
with a very small bore through it. It is used in determining 
the relative density of liquids and powders. To use it, we must 
first know the weight of the empty bottle and stopper. The 



Pio. 43.— A Relative 
Density or Speciiic 
Gravity Bottle. 
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bottle is then filled with pure water, tiic stopper inserted, and 
the water which is forced ciirough the liolo in the stopper wiped ^ 
ofl‘, and the bottle and its contents weighed. In this way the 
d^t of water which just fills the bottle is fou.id. If : ow we 
empty the bottle and carefully dry it inside and out, and iiU u 
with the liquid of wdiich the density is required, say spirits of 
wine, and weigh again, we have the weight of the li(|uid which 
just fills the bottle, or the weights of equal volumes of the 
licjuid and water, the proixirtion of which gives us the relative 
density of the liquid. Instead of a bottle of this kind, a flask 
lKi\'ing a narrow neck around which a mark has been made may 
be used, or, any bottle with a veitical file mark imwle on the 
stopper, will do. The weight of water wdiich fills the bottle uj) 
to the mark may thus be compared wi'th the weight of liquid 
which fills it to the siinie mark. 


ExrT. 03. — Counteiqioise an empty specific gravity bottle, 
or a flask having a mark on its neck. Fill the flask up to the 
mark with methylated spirit and weigh it ; then empty the 
flask, dry it, and fill with water up to the same mark. Weigh 
again, and from the two weights find the relative density of 
the s])irit, reniernbcrmg that 

weight of substance 

Relative density = weight of equal vol. of water 


ExrT. 94. — r<dlowing the method of the previous experi- 
ment, determine the reUtive densities of two or three liquids, 
such as turpentine, milk, vinegar, beer, wine, sea-water or a 
solution of salt, and ink. 

Expt. 95. — Weigh out about 100 grams of shot. Fill the 
specific gravity flask with water, and counterpoise it together 
with the .shot. Next put the shot into the bottle, and remove 
the water displaced. Add weights until the index of the 
bcilance swings evenly. The weights added must equal the 
weight of the water displaced, that is, the weight of a volume 
of water equal in volume to the shot. Therefore — 


Rehitive density of the shot= 


weight of shot 

weight of water displaced* 


Expt. 96. — Find by the method used in the preceding ex- 
periment the relative densities of such common things as tin 
tacks (which are really made of iron), bits of slate pencil, 
brass wire, and brass nails, 

H 2 
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Determination of Relative Densities by a U-tube. —A 

^aphic methcxl of showintr the relative densities of liquids is 
obtained by means of a ^lass tube bent in the bn’in of a (Ji 
tb(‘rt<fore ciilled a U-fi***‘‘* 


Exi»t. 97. — Cut oft’ two pieces of j^lass tube, each about 
30 cm. long ; connect the tubes w ith india-rubber tubing about 
18 cm. long, and fix them upright upon a strip of wood. Pour 
mercury into one of the tubes until it roaches a horizontjd liiuj 
' draw^n a little above the junctions (Fig. 44). Now introduce 

water into one of tlie tubes l)y 
means of ii i)ij)ette, and notice that 
the mercury on wdiich the water 
rests is ]jushed down ; aftoinvai’ds 
intrf)duce sufticient water into the 
other tube to bring the mercury 
back t<.) its original level. The 
length of each c(duinn of water will 
be found tlm siime. Repeat the 
experiment with valuing amounts 
(►f water. 

The juoreury in the bend of the 
(J-tube evidently acts as a balance, 
which enables us to balance columns 
of diflerent liquids in the upright arms. 



Fkj. 44.— nctorTniiuition of Ho- 
Jative DonsiticH by a JJ-tubc. 


Exi^t. 98. — Nearly fill one of the 


tul)es with methylated spii*it, and 
balance it with water introduced into the other tube. Measure 


the lengths of tlie two columns. 


As these two lengths of li(|uid balance one another it wdll be 
evident tJiat the shorter of the tw^o c<dumns, namely, the water 
column, has a greater relative density than tlie longer column. 

If a column of li(][uid 40 cm. long balance a similar column of 
water -of half that length, would the luiuid be double or half as 
dense as the water 

By thinking over this question and the result of the experi- 
ments you will be able to understand that the densities of two 
liquids balanced in a n-re in inverae proiiortion to the 

lengths of the columns ; in other words, the density of one 
liijuid is less than the density of the other in proportion as its 
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column is longer than the balancing coluinn of the other. If 
water i3 used in one of the tubes, you can detomiine the relative^ 
density of the other Hijuid as below. 


Density of spirit ; density of water : : 

column. 


water column : spirit 


Therefore relative density of spirit 


_ water column 
spirit columir 


Hare’s Apparatus for Determination of Relative Densities. 

- A convenient arrangement to use instead of a (J-tube to deter- 
miiiti the relative densities is represented in Fig.45, and is knoTO 

as Hare’s apparatus. Two straight glass 

tubes are connected at the top l>y a three- 
way junction upon the unconneeted end A 

of which a piece of india-rubber tubing is I 

])laced. Thoi^er ends of the tubes dip I 

into beakers oonta^ing the Ihjuids the | 

relative densities ot which have to be j 

determined. By apjdying suction t(‘ the ■ 

free end of tlie rubber tube, the two 
liquids are di’awn U]» the glass tubes, and . 

the heights the liquid columns above I 

the level of li(]uids in the beakers will bo I 

inversely jiroportional to the relative 1 

densities «»f the liquids employed. The ^ 

principle is tljus ])recisely the same as bj « 
that of tin but by using the form 

of apimratus hero described, the relative pio. 4.',. - Hare's ^kthod 
densities of liquids which mix can be more Dctonninuig i^nsity. 
conveniently found than by the ordinary U*tube in which the 
li(piids have to be poured. 

Results of Accurate Determinations of Relative Densities. 

— When exact detenuinations of relative densities are made, it is 
necessary to take into considemtion the fact that the density of 
water varies with the temperature, for reasons which will be 
undersbMMl htter. ifcTUe following table shows the lelative 
densities of a number of solids and liquids : — 
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Table of Relative Densities. 


Solids and Liquids at 0' C 
Solids. 

Platinum (rolled) 22 ’OOO 
Gold (stiuupcd). . . 10 *302 

Lead (cast) 11*352 

Silver (do.) 10*474 

Copper (do.) 8*788 

Steel (not ham- 
mered 7*81() 

Iron (cast) 7*207 

Heavy spar (ba- 
rium suli)liate) 4*430 

Diamond 3 .53 1 (var 

Marble 2*837 

m 


compared with water at 4' C. 


I Rock crystal 2*653 

! Anthracite 1*800 

I Coal (compact) 1 *329 

: Melting ice 0*930 

; Oak 0*845 

Cork 0*240 

Liifoids. 

Merciu*y 13 *.598 

Bromine 2*960 

Sea- water 1*026 

Distilled water (4 C\)... 1*000 

Olive oil 0*915 

Alcohol (absolute) 0*793 


Relative Density of Gases.— The density of a gas is not 
compared with that of 'water as a stendard/T)ecause the number 
which would be obtained by such a comparison would bo so 
exceedingly small. The stivndard density ado]>tod is that of the 
gas hydrogen, which is the lightest form of matter known. The 
densities of other gases will in evei'y case therefore be greater 
than unity. To find the density of a gas, all that it is necessfiry to 
do is to weigh a flask filled with pure dry hydrogen under certain 
conditions of temperature and pressure (see Chap. VJII), and then 
to weigh the same flask filled with the gas of which the density is 
recjuired under the sjime conditions of temperature and ]U’essure ; 
the number of times the gas is heavier than hydrogen is the 
number representing its density. There arc several imporbint 
})reciiutions which have to be julopted, but for an account of 
these we must refer the student to works on chemistry. 


Relative Densities of Gases. 


Hydrogen 

... 1*0 

Nitrogen 

... 13*9 

Oxygen 

... 15*9 

Chlorine 

... 35*2 

Ammonia 

... 8*45 

Steam 

... 8*95 

Carbon moncjxide 

... 13*90 

Carbon dioxide 

... 21*85 
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Chief Points of Chapier VII. 


Principle of Archimedes. -When a body ib submersed in a liquid, 
it loses weight equal to the weight of the liquid displaced by it. 

Kxpressed difiFerently, the upthrust experienced by an ooject in 
water is equal to the weight of the water displaced. 

The 11 limber of cubic centimetres in an object is also the number of 
i;ul>ic centimetres of water displaced by such an oTiject when it is 
immersed in watcT. 

Flotation. — Wlien a io<l is floated in water the weight of the 
whole of it is eijual to the weight of the liquid displaced by the 
portion of the rod immersed. 

Applioations of the Principle of Archimedes.— This principle, we 
Jjave seen, explains wliy an iron ship can float and why balloons will 
rise in the air. 

Density. — Equal v'olumes of different substances have different 
masses. 

AhaoHatfi deusiti/ is the mass of a unit volume of a substance. 

Jielative dtimily or specific yraHly is the ratio of the weight of any 
volume of a substance to the weight of an equal volume of water at 
temperatures other than 4® C. 


Relative density ‘ = 


weighj. of sub stance 

M'eight of equal volume of water* 


Relative density = , 

loss of weight in water 


Belative Density or Specific Gravity Bottle. — This is a small glass 
flask holding about 50 grams of water. It is provided with a nicely- 
fitting ground stopjier, which is in the fonn of a tube with a very 
small hole through it. Its use depends upon the first of the preced- 
ing equations. 

Balancing Columns of Liquids. — The densities of two liquids 
balanced in a U-liibe are in inver.se proportion to the lengths of the 
columns. Or, the density of one liquid is less than the density of 
the other in proportion as its column is longer than the balancing 
column of tlio other. 


Rolative density of a liquid = • 

liquid column 


Hare’s Apparatus.— Two straight glass tubes are connected at the 
top by a three-way junction, upon the unconnected end of which a 
piece of india-rubber tubing is placed. The lower ends of the tubes 
dip into beakers containing the liquids the relative densities of 
which have to lie determined. By applying suction to the free fend 
of the rubber tube the two liquids arc dra^vn up the glass tubes^ 
The heights of the liquid columns are inversely proportional to the 
relative densities of the liquids. 

Belative Density of Gases. — (1) Find the weight of pure dry 
hydrogen which fills a flask under knbwii conditions of temperature 
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and pressure ; (2) find the weight of an et^ual volume of gas under 
the same conditions. Then 


Relative density of gas 


observed weight of gaa 
observed weight of hyilrogen* 


Questions on Chapter VII. 

1. State the principle of Archimedes. Describe an experiment 
which illustrates the principle. 

2. What determines the distance to which a rectangular wooden 
rod will sink when floated in a jar of water ? 

3. Descrilns an experiment to prove that when a rectangular 
block of wood is noate<l in water the weight of the water 
displaced by the portion immersed is equal to the w'eight of the 
whole block. 

4. Give a few applications of the principle of Archimedes. 

5. Carefully distinguish between the following terms density, 
absolute density, relative density. 

6. Give a detailed description of the hydrostatic method of deter- 
mising relative densities. 

7. A gloss stopper is weighed in air and then immersed succes- 
sively in water, beer, milk, and vinegar, and the loss of weight 
noticed in eacli case. Explain how you would proceed to calculate 
the relative densities of each of the liquids from these observations. 

8. How is the relative density of a liijuid determined wnth a 
specific gravity bottle ? 

!). Explain a simple method for ascertaining the relative density 
of small shot or tin-tacks, 

10. Being provided with two pieces of glass tube and a ])iece of 
india-rubber tubing, explain how you would proceed to (i) com- 
pare the relative densities of olive oil and spirits of wine, (ii) ascer- 
tain the relative density of a specimen of milk. 

11. Describe the instrument kno^vn as Hare’s apparatus. What 
advantages iiccriie from using it to determine the relative densities 
of liquids. 

12. A piece of iron, weighing 275 grams, floats in mercury of 
density 13*59 with of its volume immersed. Determine the 
volume and density of the iron. 

13. The specific gravity of brass referred to water is 8 ; taking 
the mass of 1 cubic foot of water as 1,000 ounces, find the density of 
brass in ounces to the cubic inch. 

14. A cylinder w'hose base is a circle 1 foot in diameter, and 
whose height is 3 feet, weighs 10 lbs. Calculate its density, assuming 
1 cubic foot of water to weigh 62*5 lbs. 

15. Of two bodies one has a volume of 5 cubic inches, tlie other of 
one-fifth of a cubic foot ; in a perfectljr just balance the former 
weighs 15 oz., the latter 12*8 lbs. What is the ratio of the mass of 
the first to that of the second, and what is the ratio of the density of 
the first to that of the second. 

16. If 100 cubic inches of oxygen (under certain circumstances of 
pressure and temperature) wei^ 35 grains, and a cubic inch of 
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mercury weigh 49 lbs. , how many cubic inchc;.i of oxygen would con- 
tain the same quantity of matter as a cubic imli of mercury ? 

17. In a certain state of tiie atmosphere cubic inche ■ of air 
weigh 31 grains ; at a temperature the same as that of air 30 cubic 
inche ' of mercury weigh 14*88 lbs. Find the number of cubic inches 
of air which contain as much matter as a cubic incii of mercury. 

18. If 28 cubic inches of water weigh a pound, what will be the 
specific gravity of a substance, 20 cubic inches of which weigh 
3 lbs. 

19. The volume of A is 3 cubic feet and its mass is 4 cwt. ; the 
•volume of B is 24 cubic inches and its mass is 35 oz. Find the ratio 
of the density of A to the <lensity of B. 

20. Describe a method of determining the specific gravity of a 
liquid. 

21. Describe, the method of determining the specific gravity of a 
body by weighing it alternately in air and water. 

If a lx)dy weighs 14*'^ gi*ams in air and 12 grams in water, what 
is its specific gravity ? 

22. Explain what is i leant by specific gravity. A Ixxly of specific 
gravity 5 weighs 20 gr-i ns in air ; w’hat will the body weigh when 
immersed in water ; 

23. How would you determine the volume of a pebble in cubic 
centimetres ? 

A number of nails are driven into a rough piece of wood, one 
cubic centimetre of which weighs 0*5 gram. It is required to find 
the w'eiglit of the nails without pulling them out. How could this 
lie done ? 

24. A covered tin canister having a volume of 88 cubic centi- 
metres contains just enough shot to sink it to the toj) of the cover 
when ))laced in cold w'atcT*. Determine from this information 

(n.) The weight of the canister ami shot. 

(/>) The weight of the w’uter displaced liy the canister. 

25. Define mass, volume and density, and state the relation that 
exists between them. 

8ui)poseyou were given twc) irregular pieces of metal, one of wdiich 
was gold and the other gihhid bi-ass. How would you find out by 
a )»ljysieal method which jiicce was gold? 

26. Explain why a ship made (»f iron will float in water, though 
iron itself is heavier, bulk for bulk, than w’ater ? 



CHAPTKK VIII 

ATMOSl'IIEKIC TRESSUKE AND BOYLK’s LAW 

SuRR 0 UNi>iNti llio earth in every latitude, over land and sea, 
is a gaseous envelope which is spoken of as the air or the atmos- 
jjjiere. Its presence when at rest is nni)erceived, though in 
inution it hecouies apparent, since, by imiiarting its velocity to 
trees and other bodies free to move, it affords a demonstration 
of its existence. The student has already learnt to regard it as 
a form of matter, and as conseriuently possessing w^eight. The 
following experiments supply f utticiont evidence of its existence 
and of its weight 

Exrt. 90. — Invert a so-called emply bottle under water in 
the pneumatic trough. Notice the bubbles which rise as the 
water flows into the Ixjttle. The water displaces the air which 
thus becomes apparent. 

Exit. 100.- M(}ve cpiickly across the room with a drawing 
board in your hands. First hold the board “ end on ” and then 
“broadside on.” Notice that in the first ciise little or no 
resistance is felt, while in the second, one’s nujthjn across the 
room is considerably impeded. 

Weight of the Air. — It is easy to prove by direct exi)eriment 
that the air has weight. 

Exit. 101. -Fit a one-lnded india-ru])bcr stojipcr into a 
fairly large glass Hask, and fit into the stopper a short tube with 
a stop-cock upon it (Fig. 40). Put a little water in the flask ; 
ojien the stop-cock ; and boil the water. After boiling for a 
little time, turn off the tap and place the flask on one side 
to cool. When the flask is cool, weigh it, or counterpoise 
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it. Then oi)en the stop-eock ; air will be heard to^ush into 
the flask, and as it does so the balance will show an increase of 
weight. 

If Ljio air is rfjompletely removed from a flask by means or au 
air-pump, the difterence in the weighings, before and after, will 
provide the exjict weight of 
a given volume of air. Thus 
• if the vessel has a capacity 
of a cubic foot the difference 
of weight will ])e found to 
be nearly an ounce and a 
(piarter. 

Pressure of the Atmo- 
sphere. — Jt has b(ien seen 
that it is a property of all 
fluids that they communicate 
ju'essuro in all directions, 
and conso(]ucntly it is a char- 
acter of air. It is a con- 
sequence of this fact that 
we are able to nu»ve about 
quitic freely in spite of atmo- 
spheric ju’essure, (^iir bodies 
arc subjected to an enor- 
mous pressure due to tlic 
wliolo weight of the atmo- 
s]»licro above us, and yet we 
are (piite igmu’ant of it, at 
all tjvents under tuxiinary 
circumstances. Why is this ? 

Tlie lungs whicli fill iqi a 
large part of oui* chest 
capacity are inflated with 
air, and other inside paj’ts of 

the body arc similarly in free conimunicjition with the atmo- 
sphere. The inside air is under just the sjiinc pressure as 
that outride, and couso(]ucntly tliere is an exact compensation, 
and we are not crushed, as the student will perhaps have expected 
w^e ought to be. 

Exit. 102. — Procure a thin tin can having a neck, into 
which fits an india-rubber stopper. Take out the stopper and 



Fig. 4C.— Experiment to show that Air has 
Wdglit. 
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boil a little water in the can. After tlie water has been boil- 
ing for some time, so that the can is practically filled with 
steam, remove the can from the flame, and quickly put in the 
stopper as tightly as you can. After a few minutes the ciin 
will collapse. 

The explanation of the eftect produced in this experiment is 
that as the can cools the steam inside is condensed iiito 
water, and so occupies a mucli smaller volume. The pressure 
wliich the steam exerts on the inside of the can is thus re- 
moved, while the ju'essure of the air on the outside remains 
practically the same, the result being that the ciin is crushed. 
At the sea-level, under ordinary conditions, the pressure of the 
air is 15 lbs. on every scpiare inch. 

The following expeiiments also illustrate effects of atmospheiic 
pressure : — 

* 103.— Moisten a leathern sucker, press it upon a 

flat stone, and show that it can only be pulled off with 
difficulty, owing to the ])re88ure of the atmosphere upon its 
upper surface. 

Exi*t. 104. — Dip the open end of a glass syringe or S(|uii*t 
into a bowl of water. Pull up the piston, and see that the 
water follows it, owing to the pressure of the atmosphere 
ujKni the surface of the water in the bowl. The action of a 
2)ump is very similar to this. 

Exft. 105. — Take a tumbler or cylinder with gromul edges 
and comjdetely fill it with water. Place a j)iece of stout 
writing [)aper across the toj) and invert 
the vessel. If the air has been care- 
fully excluded from the cylinder the 
w ater does not run out (Fig. 47). Think 
what keeps the j)ai)er in its place. 

Principle of the Mercurial Baro- 
meter. — It has been seen that the air has 
weight, and that it exerts great pressure 
on the earth’s surface ; we have now 
to learn how this jiressure is measured. 

Exi^. 106. — Procure a barometer 
tube and fit a short i^iece of india-rubber tubing ui)on its ojien 
end. Tie the free end of the tubing to a glass tube about 
six inches long open at both ends. Rest the barometer 
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tube with its closed end downwai-ds and poux’ mercury intu- 
it (being careful to remove all nil’ bubbles) until the liquid 
I’eaches the short tube. Then fix the arrange- 
ment upright as in Fig. 48. 

Tlic mercury in the long tube will be seen to 
fall so as to leave a space of a few inches between 
it and the closed end. The distance between the 
’ top of the mercury column in the closed tube 
and the surface of that in the open tube will be 
found to be about thirty inches. 

The instrument used in Expt. *10G is evidently 
similar to a U‘tube. RefeiTing to Fig. 48, it is 
clear that there is a column of mercury sui)poi’tod 
liy sf)me means which is not at first apparent, or 
else the mercury would sink to the same level in 
the long and the short tube, for w’e know that 
liquids find their own level. If a hole were made 
in the closed end of the tube this would im- 
mediately haj)pen. There will be no difficulty 
fi’om what has Ijeen already said, in understand- 
ing that the column of mercury is kept in its posi- 
tion by the weight of the atmosphere pressing 
upon the surface of the mercury in the short open 
tube. The weight of the column of mercury and 
the weight of a column of the atmosphere with 
the same sectional area is exactly the same ; both 
being measured from the level of the mercury in 
the short stem of the apparatus shown in Fig. 

48, the mercuiy column to its upper limit in the 
long tube, the air to its upper limit, which, as will 
be seen, is a great distance from the surface of the 
earth. If for any reason the weight of the atmo- 
sphere becomes greater, the mercury will be 
pushed higher to preserve the balance ; if it should Fkj. 48 .— Tocx- 
become less, then similarly the amount of mercury 
which can be supported will be less, and so the iJuromctcr. 
height of the column of mercury is diminished. 

The height must in every case be measured above the level of 
the mercury in the tube or cistein open to the atmosphere. In 
the arrangement shown in the accompanying illustration, a line 
is drawn at a fixed point O, and the short tube is shifted up or 
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down until the top of the mercury in it is on a level with the 
line. 

The student will now understand why it is s<» nocessaiy to 
remove all the air bubbles in Expt. JtHL If tliis were not 
done, when the tube was inveitcd the enclosed air would 
lise through the mercury and tfike up a position in the top of 
the tube above the mercury. The reading would not then be 
thirty inches, for instead of measuring the whole pressure of the 
atmosphere, what we should really be measuring would be the 
difference between the pressui-e of the whole atmosphere and 
tliat of the air enclosed in tho tube. In a properly constructed 
barometer, therefore, there is nothing above the mercury in the 
tul)e except a little mercury vapour. 

An an*angemcnt like that described constitutes a baxometer, 
whicli we can define as an instrument for measuring the 
pressure exerted by the atmosphere. 

m 

Expt. 107. — Tho preceding experiment w ill have shown you 
that air pressing upon the surface of the mercury in the shoit 
open arm of the Ll-f^be w ill balance a long column of mercury 
in the closed arm. Slip a piece of india-rubber tubing upon 
the open end and notice wd*at happens when you blow Bharjdy 
into it. Suck air out of the tube, and observe the result. 

These experiments show you the effect of increasing and de- 
creasing the pressure upon the free surface of the mercuIy^ 
How will the height of the mercury column be effected (1) if tho 
pressure of the air decreases, (2) if the pressure of the air 
increases ? 

Weight of Column of Atmosphere. — Tlie following is another 
form of the experiment to show atmospheric pressure by means 
of a barometer. 

Exi»t, 108. — Procure a thick glass tube about 36 inches 
long and closed at one end. Fill the tube with mercuiy ; 
place your thumb over the open end ; invert tho tube ; place 
the open end in a cup of mercury and toko away your thumb. 

A column of mercury will be suppoited in the tube by the 
pressure of the atmosphere. Tlie distance between the top of 
the column and the surface of the mercury in the cup will be 
about 30 inches, or 76 cm. when the tube is vertical (Fig. 49, 6). 
If the tube is inclined so that the closed end of it is less than 
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this height above the mercury in the enp (Fig. 49, c) the 
mercury liPs it c<jmplctely ; aiid if the tube is less than 30 inches 
long, it is also filled by the iiKTCury (Fig. 49, a). On an av* rage 
the alinospbere at sea-level will balance a columr of mercury 
:{0 intiies in length. No matter if the closed tube is 30 fejt 
long, the top of the mercury column will only be about 30 
niches above the level of the mercury in the cistem. 

Exft. 109. — Weigh the column of mercury sustained in the 
tube and measure the diameter of the tube. The area of the 
boro can then 
b(‘ found (area of 
circle == radius ^ 

X 3J). Calcu- 
late from these 
observations the 
w^eight of a co- 
lumn of air oil 
any given area. 

If the tube had 
a bore with a sec- 
tioiifd area of ex- 
actly one square- 
inch, til ere would 
be 30 cubic inches 
of mercuiy in a 
column 30 inches 
long ; and since 
a cubic inch of 
mercury weighs 
about half a 
pound, the whole Fio. 4 {).-Height of Wemuy in Bfiromctcr. 

column would 

weigh 15 lbs. This column Iwilances a column of air of the same 
areii, so that we find that the weight of a column of air upon 
an area of one inch is 15 lbs. when the barometer stands at 
30 inches. 

Mereuxy a Convenient Liquid for Barometers. The use of 

mercury for barometers is a matter of convenience. Since the 
column of mercury which the atmosphere is able to support is 
30 inches high, it is clear that, as water, e.g., is 13*6 times as 
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light as mercury, the column of water which could be supported 
would be 30 x 13*6 = 408 inches = 34 feet, wliich would not be 
a convenient length for a barometer. The length of the column 
of glycerine which can bo similarly supported is 27 feet. But 
in the case of lighter liquids like these, any small variation in 
the weight of the atmosphere is accompanied with a much 
greater alteration in the level of the column of liquid, and in 
consequence it is possible to measure such variations with much 
greater accunicy. For this reason barometers are sometimes 
made of glycerine. There is one in tlie Western Galleries of 
the South Kensington Museum, which the student could see at 
any time. 

Pressure of the Atmosphere at Different Altitudes.- The 

atmosphere l»eing a material substance, tlie longer the column of 
it there is above the barometer, the greater will be the weight of 
that column, and the greater the pressure it will exert upon the 
ihencury in the barometer. Hence, as we ascend through the 
atmosphere with a barometer, wo reduce the amount of air above 
it pregsing down upon it, and in consef[ueuce the column of 
mercury the air is able to supp»;i*t will be less and less iis we 
ascend. On the contrary, if we can descend from any position, 
c.</., down the shaft of a miiu^, the mercury coluimi will be 
pushed higher and higher as we gradually increiise the length of 
the column of air above it. Since the height of the column of 
mercury varies thus with the position of the barometer, it is 
clear that the variation in its readings supplies a ready means of 
ascertaining the height of the place of observation above the 
sea-level, provided we know the rate at which the height of the 
barometer varies with an alteration in the altitude of the place. 
The rule which expresses this relation is not a simple one, but 
for small elevations it is said that a rise or fall of one inch in the 
height of the barometer corresponds to an alteration of 900 feet 
in the altitude of the barometer. 

Belation between Volume and Pressure of a Gas.— Boyle's 
Law. — Before we can properly understand how and why the 
density of the atmosphere varies, it is necessary to become 
acquainted with the rule expressing the relation between the 
volume and pressure of a gas. A convenient and efficient 
arrangement for determining this relation is represented in Fig. 
50, and it has the merit of being easily constructed with the 
materials which should be found in every physical laboratory. 
A burette. A, is hxed to an upright stand by means of wire or 
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small brass clamps^ Upon tbo lo^or end a piece of thiok india- 
rubber tubing is firmly tied. The tubing is also tied upon one 
end of a threo-way piece, B. A long glass tube, C, connected 
with JTother end of the three-way junction is supported upon 
the stand side by side with the burette. To the third end of 
the junction a long piece of rubber tubing, D, is fixed, and at 
the top of this a large funnel or bottle, E, w'ith the bottom cut 



Fk.. 50.— Ai»i)aralus to sliuw the Uclutioii IwtAvuun llio volume iiiid rresBure 
of a Gas. (Boyle’s Jjaw). 


off, is lied. The use of this apparatus will be seen by the follow- 
ing exijcriments : — 

Exit. 110. — Open the stop-cock of the burette. Pour mer- 
cury uito the bottle until its level is about half-way u]> 
the burette. This mercury is evidently at the same level 
in the burette, long glass tube, and rubber tube, and the 
air in the burette is at the pressure of the atmosphere. Now 
close the stop-cock. We have enclosed a given volume of air, 
which is indicated by the length of tube it occupies. Pour 
mercury into the buttle until the bottle is nearly half full. 
By lifting or lowering the bottle the level of the mercury is, 
of course, varied. Move the bottle until the difference be- 
tween the level of the mercury in the burette and in the 
straight glass tube is 30 inches, or whatever is the reading of 
the barometer at the time of the experiment. 


X 
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Measure the length of the air column which is now subjected 
to a pressure equal to two atmospheres, and notice that it is one- 
half of the original volume. That is, by doubling the pressure 
we have halved the volume. 

Repetvt the exi)eriment with the bottle at any height, and 
when the apparatus has cooled down measure the difference in 
the levels of the mercury in the two tubes and also the hnigth of 
the air column. 

Boyle’s Law. — If we multiply the totfil pressure (obtained l^y 
adding the height of the Imrouieter to the difference in level of 
the mercury in the burette and the o]>en tube) by the volume 
of the air we shall notice that the result is always the siiiiie. 
This relation was discovered by Boyle, and is kiu)wn as Boyle’s 
Law. It can be expressed by saying that when the tempera- 
ture remains the same, the volume of a gas varies inversely 
as its pressure. Or, what is the same thing, the temperature 
remaining the same, the product of the pressure into the 
volume is constant. 

Exit. 111. — Perform several ex 2 »criments with the Boyle’s 
Ijaw apj)aratus, oliserving in each case (fi) tlie volume occupied 
by the air in the liurettc, (6) the difference in level between 
the mercury in the closed burette and the open tube, or 
“ head ” of mercury. Tabulate your results thus : — 


“ Hc.'ifl ” of 
Mercury. 

lloiKlitof 

IJanimctcr. 

1 1 

Total J’rossnro 

i in 

1 * 

V'olumc 
• •f Air ill 
JJuruttc 
(V). 

(F X V). 


1 ; ! 


When the air occuiues less volume than it did before the stop- 
cock was closed it is evidently under a pressure greater than 
that of the atmosphere ; when it occupies a greater volume it is 
under a pressure less than that of the atmosiihcre. In either 
case, however, the pressure to which the air is subjected multi- 
plied by the volume it occupies gives a constant product. But in 
performing the above experiment at pressures Ic^s than that 
of the atmosphere, the difference between the heights of the 
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mercury in the open and cloLed tubes must be mhtracted from 
the barometric height and not added to it. Why ? 

Application of Boyle’s Law to the Atmosphere.— It has 
been learnt that if we increase the volume occupied by a given 
mass of a substance we decrease its density, or if we decrease 
its volume we increjise its density. Therefore, we not on?y 
alter the volume of tlui enclosed air in the t vo preceding experi- 
ments, but we also change its density. Increase of density and 
increase of pressure arc projiortional to one another. It is not 
ditticult t/O aj)j)ly these facts to the case of the atmosphere. 
We have learnt that the jiressure of the atmosphere decreases 
as we ascend, and wc are now' able to add that its density 
decreases also and at tlie sanui rate. Therefore the densest 
atmosphere will be that at the sinfiice of the earth, leaving out, 
of course, the air ot mines and other cavities below the surface, 
wdiere the air w'ill be denser still. The air gets less dense or 
rarer as w’e leave the surface, until eventually it becomes so rare 
that its existence is practically not discernible. 


CiiiKF Points ok Chapter VHI, 

Betermination of the Weight of Air.— This is done by weighing 
a stoppered flask (l)full of air, (li) after the air has been driven 
out. The difrerenoe of weight is the weight of the air w'hicli tilled 
the flask. 

Pressure of Air, — In consoqueiiec of its w^eiglit, air exerts presrurc. 
On the eartirs surhice, under ordinary conditions, the ])resBuie of 
the atmosphere cfpiuls 16 Ib,^. per square inch. 

A Barometer is an instruiiieiit used to measure the pressure of the 
atmosphere. 

The Principle of the Action of a Mercurial Barometer. The coluiiin 
of me.reiiry balances a coluum of air extending from tlie surface of 
the mercury in the cu)» to the limits of the atmosphere. The action 
is therefore anak)g<)U8 to balancing columns of different liquids in a 
U-tube. 

Some Points referring to Barometers.— (1) Mercury is the liquid 
usually employed Wcaiise it is the heaviest liquid kiiowm, is not 
very volatile, is easy to see, and does not wet the tube. (2) Water 
anj other liquids can be used in the construction of barometers, but 
these barometers require to be longer in order to hold the longer 
liquid columns requireil to balance the atmospheric pressure. (3) If 
a crack or a hole is made in the top of a. barometer, air enters 
through it, and the mercury column falls to the level of the liquid in 
the cup. (4) The height of the i^olumn of mercury is about 30 
inches at sca-lcvel, but it varies from time to time on account of 
variations of atmospheric pressure* 
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Pressure of the Atmosphere at Different Altitudes. — 


Altilmle. 

Sea-levcl 


JItiyht of 
Barometer. 
30 inches 


Presmre in 
lbs. inr sq. in. 

ir> 


3.i miles 15 


u 


Boyle's Law. — When the temperature I’cinaiiis tlie same, the 
volume of a gas varies inversely as its pressure. 

Or, the teini)erature remaining the same, the proiliict of the 
pressure into the volume is constant. 

Boyle’s Law applied to the Atmosphere. — When the temperature 
^e^ins the same, the volume of a gas varies inversely as the pres- 
sure. If a cubic foot of air at sea-level, where the pressure is 15 lbs. 
per square inch, were taken up to a height of miles, where the 
pressure is one-half, viz., 7i lbs. per square inch, it would expand to 
two cubic feet. 


Questions on Ciiaptek V^lll. 

m 

1. How can it be proved that the air has weight? Illustrate your 
answer by a few simple experiments. 

2. Given a glass tube 32 inches long, closed at one end, a bottle 
of mercury (quicksilver), and a small cup. State how you proceed 
(a) to construct a Imrorneter, and {h) to show the readings of this 
barometer. 

3. (a) State the average height of the mercury in a barometer at 

the sea-level and at the top of a mountaiji Sh miles high. 

(//) What is the cause of the dilierence in the height of the 
mercury column ? 

{(') What do you know concerning the condition of the up])er 
layers of the atmosphere ? 

4. Describe the construction and use of an ordinary mercurial 
Ijarometer. 

' 5. How can the weight of air l>e determined ? In what way is 
the pressure exercised by the atmosphere on the ctirth’s surface in 
consequence of its weight, stated ? How is it that we are able to 
move about under the weight of the atmosphere ? 

6. lOxplain the chief reasons why mercury is the liquid usually 
em))loyed in the construction of barometers. 

7. State the principle on which the action of a mercurial bai j- 
meter depends. Why is a water barometer longer than a mercurial 
barometer? What occupies the space almvc the mercurial column 
in the latter instrument ? If a hole were borwl through the glass 
above the column of mercury, what would happen ? 

8. {a) Why does the mercury stand higher in the tube than in the 

cup of a barometer ? 

(/>) What is the average height of the mercury in a barometer 
tube at the sea-le.vd ? 

(r) Why does the height vary from time to time ? 

{d) Why is the barometer regarded as a “ weather glass ” ? 
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9. If you aRocndetl U) the height of luUes in a balloon, carrying 
a l)aroineler, state — 

{ft) The indication which w«mhl be given ]jy tlie l>aronicter. 

(//) Yuiii* explanation of tliis. 

10. State Boyle’s Law. Describe an cxpei iinont whicli deinon- 
stiatca the truth of tlie law. 

J 1. What volume would the quantity of air which fills a’ space ot 
a cubic f(X)t at the sea-level occupy if carrie«l to a height of miles ? 
Explain this alteration in volume. 

12. What w’ould be the (‘ffect on the height of the mercury 
column if an ordinary barometer were carried down a deep 
mine 



CHAPTER TX 

WORK AND ENKUOY 

Work. — New ton ’h fa’s! Ifw of motion teaches us that a hmly 
at rest is only set in motion by the action of a force uj)on it, and 
also that a moving body only changes the direction of its motion, 
or its speed, as the result of the action of a force. When a body 
moves from rest the continued action of the force upon it causes 
an acceleration in the body. 

In the case of a body already moving, though w^e have every 
right to argue that a change of dirntion or a change of velocity 
is the result of an extenial force, we cannot apply the convei’se 
statement and say that an external force acting upon a moving 
body causes a change of direction or of velocity, for in some 
insfcvnces the force may bo entirely occupied in maintaining 
such mcjtion in opposition to other forces acting ujjon it. Thus, 
when a ship is sailing with a uniform speed, the force of the 
wind is exhausted in inaintivining this velocity by overcoming the 
resistance of the water. 

When a force acts in either of these ways it is said to do work, 
that is, w’ork is done by a force in setting a body at rest into motion 
and giving it a regularly increasing velocity, or by maintaining a 
uniform motion in opposition to the action of other forces. We 
may class all these forces acting in opposition to the force which 
is being considered under the inclusive name of rmdance.. 

We shall thus obtain for our definition of work the following 
statement : -Work is done by a force, either when it acts 
upon a body producing an acceleration in its velocity, or 
when it maintains a uniform velocity in a body in opposition 
to resistance. Or, more briefly, Work is done when the 
point of applicatipn of a force moves. A little consideration 
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will convince the student tliat all inst^mces of mechanical con- 
trivances, by means of which ivork is accomplished, come withui 
the scope of our definition, as Avell as all other cases when vre 
say in ordinary Ian j'liai^e that work is done. 'Fake, for instance, 
a 1101*86 drawing a heavy weight along a road. Here tlie iorce 
exerted by the horse is used up in overcoming the resistance 
due to the road. A man raising a mass from the ground over- 
comes the resistance due to the body’s w^eight. A body falling 
from a height under the influence of the earth’s attractive force 
has w'ork done upon it, wuth the result that its velocity increases 
according to a unif<»rm acceleration of 32*2 feet per second in 
every second. 

Measurement of Work.— Referring to our definition of work 
it would seem as though we hail two kinds of work to measure, 
viz,, the W(trh of accehmtUm and the work atiainst ratUtance. But 
.sinco we can make a birce ]>erform cither of these kinds of work 
accoi*ding to the condition under wdiich it acts, it is possible to 
measure eithei* of them in tlie same units. An example will 
make this cleai’er. We can either allow a mass to drop from 
the liand and to move freely through the air wdth the uniform 
acceleration wo have mentioned above until it reaches the gi’ound ; 
(jr we can attiich the mass to a string, pass the string over a 
cylinder, and allo^v it to move towards the earth wdth a small 
uniform velocity — a result wdiicli can be brought about by 
ap])lying the necessary friction betw een the cord and the cylinder, 
that is by ajiplying a resistance. The final result bi*ought about 
is the same under both sets of conditions ; but in the fii*st case 
the work is of acceleration, while in the second it is work against 
resisbince. 

Unless there is motion no myrk is done. Tf W'e put a weight 
upon a table or shelf, so long as the weight remains in one place, 
it evidently does no work, though it is cai)able of doing work 
by reason of its elevated position. 

For practical purposes the unit of w'ork wdiich is jidopted is 
the imrh done in raisimj (he mass of one pound through one 
footj and it is ciilled the foot-pound. This is not a strictly 
constant unit, for it wdll be evident, in the light of wdiat has 
been said about the weight of a body, that where the weight 
is greater the amount of W'ork done will be greater. The 
unit of work wdll vaiy slightly in different latitudes in a 
precisely similar manner to that in which the weight of a mass 
varies. 
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It will have been noticed that the c|iie8tion of time does not 
enter into an estimation of the amount of work done. It is 
manifest that the same quantity of work is accomplished whether 
a day is spent in raising a weight to a given height from the 
ground or only a minute. If wo introduce tlie time taken to 
perform the work we begin to consider what is called the power 
of the agent. We should measure this power by the quantity of 
work the agent can perform in a given time ; or power is the rate 
qf doing work and is measured l»y the work done in a second. 
Thus, engineers use the expression horse^power* hy which they 
moan the rate at which a good horse works, James Watt 
estimated this at 33,000 foot-pounds per minute, or 550 foot- 
pounds a second. 

Generally, then, to find the amount of work performed by 
any force, wo multiply the value <>f the force (expi'ossed in 
suitable units) by the space thixuigh which it acts (using the 
correifponding unit in measuring this quantity also). The follow- 
ing simple application of the rule will familjai’ise the studi'ut 
with the method for employing it : — 

How much work is done when an engine weighing 12 tons 
moves a mile on a horizontal road, if the total resisbince is equal 
to a retarding force of 10 lbs. weight per ton ? 

The total resistance equals 12 x 10 — 120 lbs. weight, the dis- 
tance traversed is 5,280 feet. 

Work dono=(120 x 5,280) foot-pounds. 

Energy.— By the energy of a body we mean its power of 
overcoming resistance or doing work. All moving bodies 
possess energy. Moving air or wind drives round the sails of a 
windmill and so works the machinery to which the siiils are 
attached ; it drives along a ship, thus overcoming the resistance 
of the water. The running stream works the mill-wheel and 
the energy it possessed is expended in grinding com. The 
bullet fired from a rifle can pierce a sheet of metal by over- 
coming the cohesion between its particles. 

Expt. 112. — Stretch a piece of tissue-paper over the top of 
an empty jam-pot. CarefuUy place a bullet on the paper and 
notice the paper will support it. Now lift the bullet and 
allow it to drop on to the paper. It is seen that the bullet 
pierces the paper. 

Expt. 113. — Support a weight by a thin thread. Show that 
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though the threjid will Kupporb the weight at rest it will hf^ 
broken if the weight is allowed to fall. 

Expt. 114. — Show that a falling weight attached by a string 
to a spring balanco extends the balance ])eyond the pcuiit 
which it indicates when the weight is at rest. 

All these examples are cases of the energy of moving bodies, 
or the energy of motion, or Kinetic Energy, Kinetic Energy is 
the energy of matter in motion. All energy which is not 
'kinetic is known as Potential Energy. It is capable of be- 
coming kinetic or active when the conditions become suitable, 
Iiirngino a mass raised from the gi*ouud and placed ui)on a high 
shelf. Wo know that to place it in this position wo must 
expend a corbiin amount of work, which is measured by multi- 
plying its 'weight l)y the height through which its mass is raised. 
Further, wo know that just as soon as we release it from its 
position of rest, making it free to move, it will travel with an 
ever-incrciising velocity until it roaches the ground. On the 
shelf the mass, by virtue of its position, possessed a certtiin 
amount of potenthd energy exactly equal to the work expended 
in placing it there. 

Similarly, an ordinary dining-room clock, which is worked by 
a sj)ring, affords us an example of potential energy. The 
wound-up spring possesses potential 
energy exactly equal to the amount 
of work done in winding it up. This 
potential energy is being continually 
converted into kinetic energy as it 
])ecomos unwound in working the 
clock. 

The motion of a pendulum 
affords an interesting example of 
the two forms of energy. At the 

end of its swing, in the position A 
(Fig. 61), the bob of the pendulum 
possesses potential energy enough 
to carry it through half an oscilla- 
tion, ^ that is, until it reaches its 
lowest position N, when the whole of 
the energy of position which it possessed at A is expended, as it> 
can reach no lower position. But though it lacks potential energy, 

1 Some physicists regard tho motion from A to as half an oacillation. 



Fig. 51.— Pondulnm in 
Oscillation. 
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since it is a mass moving with the velocity it has gained in its 
passage from A to N, it possesses energy of motion or kinetic 
energy enough to carry it up to its next position of rest at A' — 
where the only energy it will have will be again potential. 
Through the next oscillation from A' to A it will pass through 
just the same transformations again. 

At any point in the swing the pendulum will possess a certain 
amount of energy due to position and a certain amount due to 
motion, but the total amount of energy— the sum of the potential 
and the kinetic energy — is always the siime, the loss of one form 
of energy being exactly ecpialised by the gain of the other. 

Measurement of Kinetic Energy.— When wo wish to 
measure the energy of moving bodies we have to find an ex- 
pression which will be etjual to the amount of work these l)odies 
are capable of performing when the wliole of their energy is 
convertSd into work. Such an expression is easily ft)und from 
first •f)i’inciples, as tlie reader will lefirn as he ])ursues liis 
studies. 

If M represents the mass of such a moving body and v its 
velocity, the expression is a measure of its enei’gy, and 

gives us a means of calculating the enei’gy possessed by any 
body in motion in terms of its mass and its velocity. If we 
wish to express it in foot-pounds we shall, as we have seen, 
divide its value by g. 

Kinetic energy, or the energy of moving bodies, is equal to 
one-half the product of the body’s mass and the square of its 
velocity. Hence, the measure f»f energy is dependent on the 
. units of mass and velocity employed. 

Forms of Energy. — A body may i>ossess energy due to 
otlier ciiuscs than that of the actual motion of the body as a 
wliolc. Wlicii it is in rjipid vibration, f»r when it is heated, or 
when it is electiified, it is endowed with energy in consequence 
of these conditions. But wlien a body is in lapid vibration it 
gives out sound or becomes a sounding body, hence we may 
I’egard sound jxs a form of energy. We shall see that work may 
})e done l)y the j)assixge of heat from a hot feody to a cold one, and, 
in consequence, heat is properly regarded as another fonn of 
energy. An intensely hot body emits light, hence it would seem 
that light and heat have a common cause and that we must also 
regard light, like heat, as a manifestation of energy. Wlien a 
body is electrified it has the power of attracting unelectrified and 
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certain electiifiecl ))o(lies also, and wl.cn such bodies are attracted 
as a result of this electrificatior we see that electrification must 
similarly be looked upon as still another kind of energy. Bi’t it 
must be borne in mind that electrification is not clectricitv. 
Then, too, there is the attraction of magnetism, which is capable 
of accomplishing work, and hence must likewise be looked upon 
as a form of energy. Chemical combinations, again, are always 
accompanied by the development of heat, and resulting as they 
■(Jo from the chemical attraction of two more or less unlike forms 
of matter, we shall be right in saying chemical combination 
are always accomj>anied by energy changes and so in regarding 
chemical attraction as another kind of energy. In addition to 
the energy of moving bodies we have energy manifested as 
sound, heat, light, electrification, magnetism, and chemical 
action. 

Bearing this in mind, it will perhaps assist the student to 
grasp the enlarged conception of energy which is here presented 
to him, if he regards enenjij behuj n cajHicitij for pmbifittij 
phifslml vhmuje. 

Heat as a Form of Energy. — Heat was not always regarded 
in this way. It was originally thought to bo a fluid called 
Caloric, and it wiis supposed that a piece of hot iron diftcred 
fi’inn a cold piece in having entered into some sort of union with 
this fluid. But, since the experiments of Rumford, we ciin no 
hmgor doubt that heat is not material, but a form of energy. 
Rumfoi’d b<jilcd water by the heat developed by the friction 
between two metal siu'faces which he rubbed together ; and lu^ 
found that the amount of water ho could bring to the boiling 
l empeKiture dejiended tmly cm the amount of w^ork he expended 
in rubbing. Since ho could obtain an indefinite amount of 
heat from two definite masses of metal, it was (juitc clear that 
heat could not be matter, which, as we have seen, cannot be 
created. Davy made the truth even clearer by obtfiining heat 
enough to melt ice by simply rubbing two pieces of this solid 
together. They were both cold or without caloric ; .and since 
heat could be obtiiinod by rubbing even these together, it w as 
cpiite cortjiin that heat could not be a fluid. Joule w^ent a step 
further and measured the amount of work which must be done 
to obttiin a given quantity of heat ; or, as w’c say, he measured 
the mechanical equivalent of heat. 

Some examples which will be familiar to the student will 
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pr(>vido him with i)rot>fa of the Rtfitemciit that heat and work are 
convortiblo. When a hrfiko is ajiplied to the wheels f)f ii train, 
ns it stops at a shition, it is a common tliinjx to see sparks ily. 
The ri^sisbince of friction which overcomes the motion of the 
train causes a siifticient amount of heat to he developed to raise 
the i)articles of steel, which get ruhhed off, to a red heat, By 
continually hammering a piece of iron on an anvil it can be made 
t <)0 hot to hold in the hand. 

' llie following experiments show that heat aj)pears when 
motion is destroyed : — 

Exji*t. 115. — Procure a piece of lead in the form of a sphere 
(abppt the size of a marble) with a neck or hook U])r)n which a 
jiieco of string can bo fasteiie<l. Tie a piece of string firmly 
to the nock, and while holding the string strike the sphere 
several times smartly on an iron plate. Test the temj)eraturo 
of«the ball before and after the ex 2 )eriment by a thermopile 
and gal vai i< )meter. ^ 

Expt. li(i. — Hamnmr a piece of lead, or sfiw wood, and test 
the tempei’ature of the lead or s;uv before and after the experi' 
ment. 

Expt. 117. — Rub a braas nail . r button on a wooden seat, and 
notice its increase of temperature. 

When we rub a lucifer match along a rough surface the heat 
into which the work is converted is enough to ignite the match. 
In all these cases mechanical work is cfnivijrted into heat. The 
converse is true alsf>, heat is convertible into work. In the steam- 
engine the heat of the furnace changes the water in the boiler 
into steam. The steam forces the piston along the cylinder, and 
this movement of the piston in a straight line is converted into 
the circular nit)tion of a fly-wheel ; or is used, through the inter- 
vention of suitable meehauism, in pumping w’ater or ])erforming 
.some other kind of work. The stcjtm which entei*s the cylinder 
is hotter than that which leaves it for the condenser. Thus, 
w^e see, part of the heat of the steam has been converted int (3 
useful work and parts of it have been lost to the cfmdonscr, the 
air, etc. 

We can show by a simple experiment that heat often dis- 
appears when motifni is produced. 

1 At this stage the thonnopile and galvanometer must simply be regiirdod us a 
delicate nieons of measuring temperature. 
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Exit. 118. — Allow air, which liivviugbccii compressed iof/o a 
cylinder has again assuined the temperatuio of tlio aii*, to come 
in contiictwith a thormoihle or other delicjitc means of mew ir- 
iiig changes of temperature. Notice the cooling of the coni- 
pressed air when alhjwed to escjijie. 

The Energy of Radiant Heat and Light.— We .^liall loam 
more fully later the reasons we have for regarding these as being 
‘of the same nature. We refer under this hefuliiig to those forms 
of energy which travel through space where, as we know, there 
is no air to convey them in the way in which suiuid is trans- 
mitted. But in order to understand tlie transmission of these 
forms of energy it is necessary to imagine the existence of a 
medium which is referred to as the luminiferous ether, or more 
shortly as the “ether,” Certain experiments and oliseiTations 
by different investigators leave no doubt of the existence of 
this medium, vibrations in which cause light and radiant heat. 
Sound passes through air by the to and fro vibration, in turii, 
of the air iiarticles, in the form of a mire as it is called. So 
radiant heat and light pass through the ether by the succes- 
sive motions of the constituent molecules of the ethereal 
medium. 

This takes ])kce wdth astonishing ([uickness, for light travels 
about 180, CKK) miles per second, or something like 7^ times 
round the earth in this small interval of time. Nor does the 
ether fill inter-stcller sj)ace alone, for it must exist in the inter- 
stices (p. 3.) of those bodies through which radiant heat and light 
can pass, or how else Cfin light pass through a transparent body, 
or radiant heat through substances like rock-sidt? 

Riidiation ciin be converted into work, but in a less direct 
maimer than is the case with ordinaiy heat. It must first he 
absorbed and heat some material body c«iusing its molecules to 
oscillate in the manner we have described. This form of heat, wo 
have seen, has a mechanical equivalent, and wx* win fairly ai-gue 
that, if the whole raiiiation is absorbed, the mechanicid equiva- 
lent of the absorbed heat is an exact measure of the energy of 
the radiation. 

Energy of Electrification.— Wc arc careful not t<; speak of 
ciloctricity ,*is a form of energy, for whatever electricity may be 
it certainly is not enerjgy. Though it would be very iut»ercsting 
to discuss the nature of electricity it does not come within the 
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scope of our subject. The following experiment will show that 
we are right in regarding electrification as a manifestation of 
energy 

Exi*t. 119. — Suspend a pith- ball by a silk thread to a bent 
wire, as is shown in Fig. 52. Rub a rod of sealing-wax with 
fur and touch the pith-ball with the rod. Notice that after 
the contact it is impossible to make the ball come to the tckI. 
They repel one another. 

Exi^t. 120. — Having touched the pith -ball with the rod of 
sealing-wax, which has been rubbed with fur as in the last 
experiment, bring near to it a rod of glass Avhich has been 
rubbed with dry silk. Notice that the ball is Mnu'ied towards 
the glass rod. 

What is the significance of these experiments ? In both 
cases the pith-ball moves through a certain distance under the 

influence of a force, in one case 
of repulsion, in the other of at- 
traction, and in consocpience work 
is done. Ihidcr certain circum- 
stances, as ill the discharge of 
a Leyden jar, the energy of elec- 
trification becomes manifest in 
the form of a vivid spark aiul a 
slight explosive sound. 

Electricity in motion consti- 
tutes what is known as the elec- 
tric current, and of its ca[mbility 
of doing work the student has 
abundant evidence in the heat 
and light of an incandescent elec- 
52.— Electrical Attraction. trie lamp, where the jiassage of 

the curi’cnt through a wire, which 
oflei*s considerable resistance to its ])assagc, causes the wdre to 
become sufticiently hot to be utilised as a source of light. 

It will be very instructive to consider briefly the case where 
the electric current is formed as the result of chemical action in 
a battery, and thence passed by wires to a lamp of the kind 
mentioned. This is the ordinary condition of things as already 
described ; but imagine the lamp left out and the battery made 
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to work simply through an oi*dinary copper »vi're which presents 
little resistance. The current has no work to do beyond heat- 
ing the wire, and the energy of the current. Is almost wh. Uy 
expended in heating the liquids and other parts of ♦ he batte]’’,^ 
which is of course a very undesirable waste of energy. 

Exit. 121. — Show the motion of a magnet i)roduCed by an 
electric current in a wire lield over it. 

Inst/mces of the conversion of the energy of the electric 
current into mechanical work will doubtless have come under 
the student’s attention. 

Other forms of energy can be converted into that of electri- 
licatioii and of electricity in motion. If we heat certain 
crystals, tourmaline crysbils, it is found that they become 

electrified, one part of the crystal exhibiting electrification of 
the kind developed when sealing-wax is rul)bed with fur, another 
exhibiting the kind obtfiined by rubbing glass with silk. 

Ueat can give rise to electric currents. If wo solder a ]jiece 
of the metal antimony to a piece of the mebil bismuth and 
apply heat to the junction, it is found that an electric current 
piisses fr(»m the bismuth to the antimony. 

Energy of Chemical Action.— Exit. 122.— Place a small 
])ioce of dry fihosphorus^ on a ]>latc, and a shoit distance 
from it a few grains of solid iodine. Nothing hapixiiis. By 
means of a glass rod push the pitice of phosphorus on to tlio 
iodine, and notice that when they come into contivet the jdios- 
phorus inflames and dense fumes are formed which, as will be 
understood after reading the chemical section »»f this book, are 
a com]iound of phosphorus and iodine. 

Exit. 12^1.— (>all attention to the heat of the flame of the 
laboratory burner, where ccrtjiin chemical actions are going on, 
which are described iii a later chapter, (Chapter XV.) 

In speaking of heat as a form of energy wc took the example 
of the work done by an engine as the result of the heat from the 
furaacc ; but we can now push our inquiry a step further back. 
What causes the heat i>f the furnace ? Evidently the burning of 
the coal, which, as wo shall learn, is nothing more than chemical 


1 Great caru must be used in liundling phui>phorus, os it is easily ignited. 
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action. Tho coal eiitera into a chemical combination with one 
of the constituents of the atmosphere, and in doing so, heat is 
evolved, as it is, indeed, in all cases of chemical combination. 

But as we shall soon have occasion to study many cases of 
chemical action, we need not spend much space over the matter 
here, thougli it must be pointed out that, just as in all 
the other instances of energy we have studied, not only is 
it true that chemictil action is accompanied by changes of 
energy, but also that it can result from these other forms* 
I(jglit can bo nuule to bring about chemical action, as it does 
in the case of the exposed photograj)hic idate. Electric 
separation or the energy of electrification also causes chemical 
iiction, as will be seen later. 

Transformation of Energy.— -We have learnt that one 
kind of energy can cease to exist in tliat particular form, 
and ^n assume another condition. We have seen that 
the energy of moving bodies can give lise to sound and heat ; 
that heat can be changed into the energy of moving bodies, 
electric currents, and chemical action. Indeed, one fonn of 
energy can assume almost any other form. The general 
tendency of all forms of energy is gradually to got converted 
into heat. When this change has become complete and all the 
energy of the universe exists as heat at the siimo temperature, 
there wiU be no further transformations possible. Consequently 
no work of any kind Avill be possil)le, which means there will be 
no life, no movement of bodies from place to j>lace — a still, dead 
world, in fact. 

Conservation of Energy.— We have seen tliat matter cannot 
lie destroyed ; we have now to learn that energy is inde- 
structible. The total amount of energy in the universe remains 
the same. One form may be changed into another, but we ciui 
create no new energy. We may be unable to trace and account 
ftir some <jf it in the numerous transformations which it under- 
goes, but we are sure, from many considerations, that if our 
methods of experiment were only refined enough, we should be 
able to account for the whole amount. 

The great source of energy in the solar system is the sun. It 
is from the sun that we are continuously receiving streams of 
energy in the form of radiation, which are continually assuming 
the various other forms of energy we have considered. Returning 
once more to our steam engine, we have traced back the work it 
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does to the cheinicjal conibiimtion of the ' oal 'vvitli a part of 
the atmosphere. Or putting the case in anothei way, we have 
seen that there exists a certain amount of i)otential energy in ^he 
coal and atmosphere which is capable of becoming kinetic as soon 
as the tempei’ature at which the coal can combine with oxygen has 
been reached. Whence comes the potential enc'.rgy of the coal ? 
Coal results from the compression of vegetable material which 
lived and flourished on the earth ages and ages ago. This vege- 
table material formed the tissues of mosses and other similar 
plants, which in the presence of sunlight have the power, by 
virtue of the green colouring matter they contain, of decomposing 
one of the gjises t)f the atmosphere, carbon dioxide, splitting it 
up into its elements, carbon and oxygen, reserving the former 
for themselves and returning the latter to the air. ^ 

This carbon unites with the elements of water cont/iincd in the 
plants forming comj)ounds which build up the tissues of which 
the plant is constructed. The tissues of the plant rei)re8ent 
from our point of view the work done in splitting up the carbon 
<lioxidc by absorbing the energy of radiation. They still represent 
this energy when they have assumed the condition of the coal, 
and it is in this sense that coal is poetically referred to as 
“bottled simsliine.” 

Tf the earth receives so great an amount of energy from the 
sun, it is easy to understand that the total (|uantity of energy 
which is given out by the sun must be enormously gi’cater. But 
this radiation from the sun’s surface is continually going on ; 
that is, the sun is constantly losing energy, and this cannot go 
on indefinitely without the loss being made good. How is the 
energy of the sim mainbiined ? It has been suggested that the 
heat generated by the impact of the meteorites which fall upon 
the sun in great numbers is capable of accounting for this energy ; 
and that in addition to this a slight shrinkage of the sun’s mass 
in cooling evoU'es a large amount of energy. But interesting as 
this subject is we cannot pursue it further here. 

1^ Thu student must remember to ro-read this after studying Ghupter XV. 


K 



130 


ELEMENTARY GENERAL SCIENCE 


CHAP. 


Chief Points of Chapter IX. 


Work is the act of overcoming resistance, or causing change of 
velocity. 

The Principle of Work. — Work i« clone by a force when the point 
of aiJplicxition moves through u certain distance. 

Work done = force x distance. 

A Foot-pound is the work done wlien a force e(i[ual to the weight 
of one pound is exerted through a distance of tme foot in the direction 
of the foi’ce. 

Power, or the rate of doing work, is measured by the number of 
foot-|)ounds produced in a given time. A horse-power is equal to 
33, (KK) foot-pounds per minute. 

Energy is the ability to do work. 


Energy. 


Kinetic, 

due to motion os 
sliowii by a moving 
cannon and a 
flowing river. 


Potential, 
due to position, 
as a mass, at the top 
of a tower and a 
wound-up spring. 


Manifestations 

of 

Energy. 


Soundt produced by vibrations of material sub- 
stances. 

Heat, produced by motions of molecules. 

Hadiaiion., due to vibration set up in the ether, 
and producing the eiFects of radiant light, 
heat, &c. 

' Electvijicafion, evidenced by the aption of elec- 
1 trifled besUes \ipon one another. 

I Electricity in imlion, as in the electric current, 

I which can be transformed into light, heat, or 

! motion. 

I Chemical action, used to produce light and heat 
I when a fire bums, and to produce motion in a 
\ gas-engine. 


Measurement of Kinetic Energy.— Kinetic energy is equal to onc- 
half the product of the body’s mass and the square of its velocity. 
But the mass and the velocity must be expressed in suitable 
imits. 

Conservation of Energy. — Energy is never lost, but only changed 
in form, and whatever transformations take place, the sum total of 
kinetic energy and potential energy remains the same. 
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Questions on Chapter 1\. 

J. Ill the cjascof a sliot fired at a tarj^et, state (»i) wh\ the veln'jity 
of the shot changes ; and {h) why the target is made hot where the 
shot strikes it. 

2. Define w^ork, and deserihe an experiment to prove that a falling 
hall is capable of doing work. 

3. Explain the terms power of an agent and liorse-power. 

4. Wliat is meant by a foot-jiound of work ? AVhat is tlie value of 
a horse-power in terms of this unit ? 

5. Ilow is kinetic energy measured ? If w’C wish ^o express the 
result in foot-ijounds, how' do wx‘ proceed ? 

6. A man weighing 140 lbs. puts a load of 100 lbs. on his back and 
carries it up a ladder to a height of 50 feet. How many foot-pounds 
of work does lie do altogether and w'hat part of his work is done 
usefully ? 

7. A body W'cighing 10 lbs. is placed on a horizontal plane and is 
made to slide over a distance of 50 feet by a force of 4 lbs. What 
number of units of work is done by the force ? 

S. If a man (!an work at the rate of 210,000 foot-pemnds an h -nr, 
how long would it take him to raise a weight of 10 tons through 150 
feet, supposing him to be provided with a suitable machine ? 

0. A horse pulling a horizontal trace with a force equal to the 
weight of 72 lbs., draws a cart along a level road at the rate of 3j[ 
miles per hour. What amount of w'ork is done by the horse in 5 
minutes ? 

10. If a force equal to the weight of 10 lbs. revolve three times 
tangentially round a circle of 5 feet radius, find the work it 
would do. 

11. A cannon-ball whose mass is GO lbs. falls through a vert’cal 
height of 400 feet. What is its energy at the end of itsdall ? 

12. What is the kinetic energy of a mass of 5 lbs, movii^ wii»hr*a 
velocity of 10 feet j)er second ? State clearly what the unit is in 
terms of which your answer is expressed. 

13. A body whose mass is 10 lbs. is carried up to the top of a 
house 30 feet high. By how many foot-pounds has the t;haftge of 
position increased its potential energy ? If it is allowed to fall, 
what numl^er of foot-pounds of kinetic energy will it have when 
it reaches the ground ? 

14. A particle moving from rest is acted on through 250 feet by a 
force of 9 pounds. Find its kinetic energy ; and its mass being 
5 lbs., find its velocity. 

15. What is the difference between kinetic energy and potential 
energy ? 

16. Describe an experiment to prove that energy due to visible 
motion can be transferred from one bwly to another. 

17. What proof can you adduce that the energy of visible motion 
can be transformed into heat ? 

18. How do you account for the fact that heat generally appears 
when motion is lost ? 
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19. Describe an experiment which indicates that “ Heat is a fonn 
of Energy.” 

20. How would you prove iliat “ when l)odies are electrified they 
aro endowed with energy and can produce motion and licat” ? 

21. Name some forms of energy, and give instances of the trans- 
formation of energy from one form to another. 

22. How would you prove that the destruction of the visible 
motion of a body is often accompanied by the appearance of heat ? 

23. When a brake is appliwl to a wheel of a train red-hot sparks 
are seen. What are these sj>arks, what is the source of their heat 
and why do tlicy soon ilisappear ? 

24. Energy may be defined as the ability to do work. Give 
instances to show that Jieat and chemical action arc foniis of energy 
thus descrilied. 

25. Define tlie meaning of tOe uvu'd “ energy,” and give three or 
four examples to pro\‘e that a moving body possesses energy. 



OHAFrER X 

HEAT 

Heat. — In regarding heat as a form of enei^y we found it 
ncccsfiary to speak in somewhat vague terms of its nature, but 
the student will, by studying the properties of heated bodies, and 
by learning how it is measured, be in a position to form a much 
clearer concei>tion of what constitutes heat. 

Hot and Cold Bodies.— Expt. 124.— Arrange three basins 
in a row, into the first put water as hot as the hand can bear, 
into the second put luke-warm water, and fill the third with 
cold water. Place the right hand into the cold water, and the 
left into the hot, and after half a minute ])ut both (piickly into 
the luke-warm water. Notice that the left hand feels cf)ld 
and the right warm while in the same w ater. 

It will be evident from this exi)eriment that the sense of touch 
is not to be depended upon for accurately estimating the heat 
condition of a body. To be able to make an estimate of the 
temperature, or intensity of heat, of a body we must utilise some 
eflfect produced by heat upon an inanimate subsbince. 

Effects of Heat. —The effects of heating a substance may be 
classed under three heads 

(1) Change of size. 

(2) (^liange of tenii)erature. 

(3) Change of state. 

1. The change of size which a body undergoes is spoken of as 
the amount it exjnnid.^; or heat is sjiid to cause expansion in the 
body. This expansion is regarded in three w^ays. When we 
are dealing with solids, we speak of expansion in length or linear 
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expansion, expansion in area or superficial expansion, and ex- 
jmnaion in volume or cubical expuisiim. In the case of licjuids 
and gases we are concerned only with their cubical expansion. 

2. Change of temperature, of course, means simply that the 
effect of an addition of heat is to make the body get hotter and 
hotter, while a subtraction causes it to become colder and colder. 

3. Change of sbite includes changes in tlie physical condition 
known as liquefaction or becoming li»iuid, and vaporisation or 
becoming convertwl into vapour. Thus, if we heat ice it fii-st ' 
liquefies or becomes water, and is then vaporised or becomes 
steam. 

CnAxV<iE OF SiZK. 

Expansion. Expt. 125. -Take a mobil ball suspended by 
a chain as shown in the figure, and suspend it by the side of a 



Fui. r»3.— Tho Expansion of a Solid. Fia. 04. — llxo uxpanHionof a Liquid. 

mcLil ring, through which it passes easily, or fits loosely. 
Tleat the ball in a laboratory burner for a few minutes, and 
then try to drop it througli the ring. It is too large and rests 
on the ring. Now allow it to cool slowly and notice that after 
a short time it gets smaller and will slip through quite easily. 

Exi*t. 12fi. — Procure a 4 oz. flask and fit it with a cork. 
Pore a hole through the cork and pass through a long glass 
tube which lits tightly. FUl the flask with water coloured 
with i*od ink. Push the cork into the neck of the flask and so 
cause the coloured water to rise up the tube. See that there 
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is no air between the cork and the watei. Now dip thtj flask 
in warm water, and notice that the liquid gets larger and rises 
uj) the tube. Take the flask out c»f the wann water, ap l see 
that the coloured water gets smaller as it cool« and that it 
sinks in the tube. Sec Fig. 54. 

Expt. 127. — Procure a well-made paper bag and tightly tie 
a piece of tape round the open end. Hold the bag in front of 
the fire and notice that the air inside gets larger and inflates 
the bag. 

Those experiments convince us that all bodies, whatever their 
physical condition, solid, liquid, or gaseous, get larger when 
lieated and smaller when cooled. Now if they get larger their 
v^olume increases, and a^ the amount of matter in them, 
their mass, remains the same, 
from w'hat we have learnt 
about density it is clear that it 
must become less, or bmh'es 
get lighter, Indh for hulk, when 
they are heateA, The converse 
holds true, if they get cooler 
their density gets greater. 

Other Experiments to 
Illustrate the Expansion 
of Bodies when Heated. — 

Expt. 128. — Solder together 
side by side a brass wire 
and an iron wire, each about 
two feet long. Hammer 
the compound wire straight, 
and notice how it })onds 
when heated. 

Expt. 129. — Fuse a piece 
of platinum w'ire through 
the side of a glass tube, 
and notice that the glass 
does not crack on cooling. 

The platinum and glass expand about the same amount for 
a given increase of temperature. 

V Expt. KIO. — Fit with corks the nocks of three 4 oz. flasks. 
Fit tightly into the corks three narrow glass tubes open at 



Fiff. 65. — The Principle of the Air 
Thermometer. 
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both onds. Fill the flaslcB with water, alcohol, and oil of 
turpentine respectively. Push in the corks till tlie liijuid 
stands in each tube at the same height. Put all throe flasks 
to the same depth into a vessel of warm water. Notice that 
the expansion of the glass causes a 'momentary sinking of the 
Ikpiids ; that ultimately the expansions are very different. 

Expt. 131. — Fit a 2 oz. flask with a tight cork through which 
a tube passes, the upper end of which is bent down and then 
up at the end. Clamp the flask so that the end of the tube- 
dips under water in a basin. Fill a test-tube with water, and 
invert it over the end of the tube. Warm the air in the flask, 
and collect the expelled air in tht) 
test-tube. 

Exi*t. 132. — Tightly fit a cork, 
through which a straight tube 
passes, into the neck of a 2 oz. 
flask. Turn over and pass the tube 
through tlie cork in the neck of a 
wide-mouthed bottle, containing 
coloured water. Waxin the flask 
with the hand or a flame so as to 
expel some of the air, and let tlie 
« m Ml i. liquid nse in the stem. Fig. 65. 

Fio. f«0.— To illustrate Expen- ’ » 

mentis:!. This constitutes an An' fiutr- 

vwmeter. 

Expt. 133. —Fasten two bulbs or flasks together (air-tight) 
by a tube bent six times at right angles, and containing some 
coloured liquid in the middle bend, Fig. 50. Sliow that the 
li(][uid moves if one flask is wanned more than the other. 

CHANGE OF TEIUPERATURE. 

Its Measurement. — The change of size which bodies ex- 
perience when heated can evidently be made to provide us with 
a method of rneas^iri'iig the change of temperature which they 
undergo. If we can find some form of matter which expands 
regularly as it is heated, the increase in volume which results 
can be taken as a measure of the change of temperature. Thus, 
using the arrangement in Expt. 126, if we notice that the coloured 
water in the tube rises through a certain number of inches after 
being heated for some time, we can look upon this rise of the 
level of the water in the tube as an equivalent of a certain 
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change of temperature, and we c;in bo surt that if as the result 
of its contact with any other budy, the liquid lises through this, 
amount, that the body with which it is in cout.ict has caust^i it 
to experience the change of temperature to which is cqui^'^a- 
lent, and that the laxly is at the temperature represented by the 
higher level of the water. An arrangement of this kind is, 
then, a “temperature measurer,” or, as it is always called, a 
thermometer. 

. It has been found by a long series of experiments that liquids 
ex])and much more than solids for a given change of tempera- 
ture, and that gases again expand still more than liquids. 
Further, it has been observed that all gases expand to the 
same amount for a given change of temperature. 

Since gases expand so much more than liquids, thermometers 
in wdiich some gas is the form of matter which expands will be 
very much more accurate than litjuid thermometers. Instru- 
ments are actually made in which air is used. They are called 
Air Thennoyneters, and are very accurate indeed. 

Thermometers. — Choke of Muter iah, (1) Liquid , — The 

property of substjinces which we have now considered is made 
use of in the construction of temperature measurers or ther- 
mometers in the following w^ay. First we have to choose a 
•suitable substjuice, and generally one of two liquids is selected, 
depending upon the particular purpose to which the thermometer 
is to be put. If it is to be employed for tlie measurement of 
very low temperatures, we shall use alcohol in our thennomecer 
since it is a liquid which freezes with difliculty. If we wish 
measure higher tempemtures, alcohol would l>e unsuitable since 
it boils at a temperature of 78^^ C.^ which is, as we shall see, 
considerably lower than the boiling point of water. For such 
higher temperatures mercury is used because it does not boil 
until the temperature of 357J ^ C. is reached. But though its 
boiling point is higli enough to make it very valuable for tlie 
purpose named, it cimnot bo used for measuring very low tem- 
peratures, as at - 40^ C. it solidifies. 

Tliere are i»ther reasons for selecting mercury in addition to 
the important one wo have just given. It is a Ihiuid whose 
level can be etisily seen ; it does not wet the vessel in which it 
is contained ; it expands a considerable amount for a small 
increment of temperature ; it is a good conductor of he.at, and 

I These numbers will be understood after the section on the graduation of a 
thormometer has 1t>oeu read. 
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consequently it very quickly assumes the temperature of the 
body with which it is jdaced in contact. Very little heat is 
required to raise its temperature, and there is therefore very 
little loss of heat due to warming the thermometer. 

(2) The Tube. — Liquids, as we know, must be contained in 
vessels to keep them together. Consecpiently, the liquid we 
have chosen will have to be enclosed in some sort of case. For 
tliis purpose a glass tube is used, and some care must be cxer- 
qised in selecting one. It should have a narrow bore, so that a. 
given expansion of the liquid shall be spread over a considerable 
distance. The bore must be of equal size, or as nearly as we 
can got it, in every part, and as it is impossible to get one which 
is quite regular — it is usual for very accurate work to calihmte 
it, i.e., to find the volume of each part of the })ore. 

Oonstruction of a Thermometer.— TTaving selected a suitable 
piece of thermometer tubing, a bulb must be first })lowii on 
one dhd. The glass is melted at this end and allowed to run 
together and so close u[) the bore, and while the glass is still 
molten, air is blown down the tube from the other end, keeping 
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the tube moved round, so that the bulb is symmetrically placed 
with reference to it. The boro of the tube is so fine that it is 
impossible to pour the liquid down it ; some other plan must 
therefore be adoi^ted. The tube is warmed and inverted in 
some of the liquid. Let us suppose we are using mercury. 
Warming the tube makes the air inside it expand, and of 
course some is driven out. As the tube cools the mercury is 
forced in by the weight of the atmosphere to fill the place of the 
expelled air. By repeating this alternate process of warming 
and cooling, under the circumstances we have described, enough 
mercury is soon introduced into the tube. The next stop is 
to seal up the tube, leaving no air above the mercury ; to 
do this the bulb is heated to a temperature slightly higher 
than we shall want our thermometer to register, the mercury 
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expands, and when it has reached the top uf the tube, the end 
is closed by directing a blow-pipe flame against it. This method 
of closing a tube and keeping the air out is called heimHically 
sealing it. The thermometer at this stage should be put oii one 
side for some days at least, in order that it may assume its final 
size, whicli it docs very slowly indeed. The thermometer will 
now look like one of those in Fig. 57, according to the shape of 
the bulb which has been blown. 

• Graduating the Thermometer— Fixed Points.— Li the 

graduation of a thermometer the plan always adopted is to 
choose “two fixed points” from which to number our degrees 
of temperature. The most convenient lower fixed point we can 
get is the temperature at which ice melts, or water freezes, for this 
is always the same if the ice is pure, and remains the same 
as long as there is any ice left unmelted. The truth of this 
statement can be verified with a thermometer in the condition 
shown in Fig. 57. Whenever it is put into melting ice the 
mercury always stands at the same level, or, as we have seen, 
melting ice is always at the same temperature and may be used 
to give one fixed point. The “higher fixed point” chosen is 
that at whicli pure water boils at the sea-level. We have to 
make this stipulation, for the boiling point of a liquid is altered 
when the pressure is changed, being raised if the pressure is 
greater and lowered if the pressure is less. Wlien the water 
))t)ils the temperature of the steam is the same as that of the 
water, and remains so as long as there is any water left. The 
lower fixed temperature we refer k) as the “Freezing Point of 
Water,” the higher as the “ Boiling Point.” 

Marking the Freezing Point.— For this purpose an arrange- 
ment like that shown in Fig. 58 is very suitable. The funnel 
is filled with pounded ice, which before powdering had been 
carefully waslied ; or snow might, if more convenient, be used. 
The glass dish catches the water which is formed from the melt- 
ing of the ice or snow. We make a hole in the pounded ice by 
thrusting in a pencil o^%lass tube about the size of the ther- 
mometer, and into this hole wo put the thermometer and 
support it so that the whole of the mercury is surrounded by the 
ice or snow. The arrangement is left for about ten or fifteen 
minutes, until it is quite certain that the tube and mercury 
are at the sjime temperature as the melting ice. When this is 
so the tube is raised until the mercury is just above the ice. 
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and a lino scratch made witli a three-cornered lile on the tube 
at the level of the mercury. 

Mflr lriTig the Boiling Point. — The a])])aratus used for doing 
this will be readily understood by examining Fig. 50. Water is 
confined in the cylinder E, which is of a much smaller diameter 
towards the top, whore it is open in tlie way the drawing sliows. 
Over this smaller open cylinder is placed a larger one, which 
rests on tlie larger cylinder containing the w'atcr, and is provided . 
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with three openings — one at the top A through which to pass the 
thermometer, one at the side C to allow superfluous steam to 
escape, and one for the introduction a bent tube contfiining 
mercury, for indicating whether the pressure inside the ap])aratus 
is the same as that of the surroundhig air, and which is known as 
a manometer. 

The apparatus is arranged as shown in the h^ft figure (Fig. 59), 
and the water in E boiled. Steam is generated, and circulates as 
shown by the aiTows. The thermometer is exposed to the steam 
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until it hfw taken the temperature of the ^loiling water, and the 
level of the mercury is then scratched on the tube. 

Choosing the Scale. — Some value must now be given te these 
two fixed ])ouits, and of course they civn be called anything the 
maker likes, but for the sake of com[)armg one man’s observa- 
tions and experiments with those of other people it is most 
convenient to griuluate all thermometers in the same way. The 
thermometers of this country are divided up in two ways — (1) the 
Centigrtwlc scale, (2) the Fahrenheit scale. 

The Gentvfmde Here the freezing point is cjilled Jicro 

or no derfrees, written O'* C. The boiling point is called niie 
hundred derfrees (Jindigrade^ and is written 100^ 0. The space 
lietween these two limits is divided 
into 100 i)avts, and each division 
called a degree Geidigrade. 

The Fahrenheit Scule . — On ther- 
mometers marked in this way the 
freezing point is called thirlgdim 
degrees Fahrenheit, wiittcn 3*2' F., 
and the boiling i)oint t u:o hundred 
and tu^lve degrees Fahrenheit, 
written 212^ F. The space between 
the two limits is divided into 180 
parts and each division is called 
a degree Fahrenheit, The reason 
of this difference is interesting. 

The pliysicist Fahrenheit, after 
whom the thermometer is named, 
got, as he thought, a very low 
temperature, by mixing common salt with the pounded ice when 
measuring the lower fixed point, and he imagined that he had 
got the lowest temj)crature which could be reached, and called 
it zero. His conclusion was wrong, and the mistake has br<jught- 
about two ways of measuring tempei’atures. 

Conversion of Scales.— It should be clear from what we have 
said that the interval between the boiling and freezing points, 
that is, the same temperature difference, is divided into 100 parts 
on the Centigrade scale and 180 parts on the Fahrenheit, 
and oonseciuoiitly 100 Centigrade degrees are eiiual to 180 
Fahrenheit degrees, which is the same as saying one degi*ee 
Centigi-ade is equal to nine-fifths of a Fahrenheit degree, 



Fio. 60,— -The Falircnhcit ami 
Centlgrado Sooloa. 
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or one degree Fahrenheit is e<|ual to hve-nuiths of a degi*ce 
Centigrade. 

100Cdegs.=180Fdegs.; .*. 6C.=9F. C. = 5F. orF. = (; C. 

In converting Fahrenheit readings into Centigrade degrees, wo 
must subtract 32 (because of what has been sjiid of the freezing 
point on the former scale) and multiply the number tli us obtained 
by 5 and divide by 9. To change from Centigrade to Fahrenheit, 
multiply the former reading by 9 and divide by 5 and add 32 to • 
the result. 

Example. — What temperature on the Fahrenheit scale 
corresponds to 20 ' C ? 

Answer. — 20^ C is 20 C dogs, above temperature of melt- 
ing ice, i.e. 20 xU Fahr. degs. above 32' F — (30-1-32)'^ F = 
08^ F. 

Wiien it is necessary to refer to temperatures lower than the 
froezuig ] joint of water a minus sign is placed before the tem- 
peratiu-e, thus three degrees below the freezing point of water 
on the Centigrade scale is written - 3"^ C. 

Distinction between Heat and Temperature. —Temperature 
is not heat. It is only a state of a body, for the body may be 
cold one minute and hot the next. A hot body is one at a high 
temperature, a cold body one at a low temperature. If a hot 
body and a cold body be brought into contact there is a passage 
(jf heat from the Hot one to the cold until they are both of the 
same degree of hotness or coldness. Now in this last sentence 
substitute “at a high temjjerature for hot,” and “at a low 
temperature” for “cold,” and we shall see our way to a defini- 
tion of temperature ; thus, if a body at a high temperature and 
one at a low temperature be brought into contact there is a passage 
of heat from the former to the latter until they are both at the 
same temperature. Hence, we can define temperature as a 

condition of bodies that determines which of two bodies 
when placed in contact will part with heat to the other. 
Temperature may also be defined as intensity of heat. 

Evidently temperature is analogous to the level of water, for 
we have loamt that if two cisterns containing water at different 
levels bo put in comiection there will be a flow of water from the 
one where the water stands at the higher level to the other until 
they assume the iwme level. 
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This analogy between temjierature and water-level is worth 
considering more fully, as much can be leanit about the dis- 
tinction to which the heading refers. Imagine a cylinder of 
water ; the most accurate detcrniinatior of the height at which 
the water stands gives no information concerning the qnfintitij 
of the liquid conbiinod by the cylinder ; similarly, a complete 
knowledge of the temperature of a body tells nothing about the 
quantity of heat which can be got out of it. Just as the water- 
level and temperature are comparable terms, so the quantity of 
water in a vessel can bo compared with the quantity of boat in 
a body. To ascertain the quantity of water in the cylinder, in 
addition to knowing the height of it, the capacity of the 
cylinder for water or its size must be known : so also to measure 
the quantity of heat in a body, in iiddition to knowing its tem- 
perature, we must also be informed of its capacity for heat. 

Expt. 134. — Arrange three glass cylinders, of different dia- 
meters but equal heights, in a row. Pour a wine-glassful of 
water into each of them in succession. Notice that the same 
<Xuaiitity of water fills the cylinders to different heights. The 
level is highest in the cylinder of smallest diameter and lowest 
in the one of largest diameter. The capacity for water of the 
one with the greatest diameter is evidently more thfui in either 
of the <.)ther cases, and consequently the same quantity of 
water fills them to extents inversely proportional to their 
capacities for water. 

Exit. 135. — Mix 11b. of hot water with 11b. of cold, and 
observe the temperature of the mixture. This temperature 
will be found half-way between the two original temperatures. 

Exit. 136. — Heat equal weights of lead and water in the 
same beaker. Provide two other beakers containing equal 
weights of cold water. Put the hot lead in one of these, the 
hot water into the other. Stir and note the temperatures. 
Observe carefully that the water into which the heated lead 
is plunged is not at so high a temperature as in the other 
Ciise. Equal amounts of water at the same temperature are 
thus shown to be heated to different extents by eijual wxdghts 
of water and lead at the same high temperature. 

Expt. 137. — Mix 1 lb. of mercury at lOff" C with 1 lb. at the 
temperature of the room. Notice that the resulting tem- 
perature is midway between the temperatures of the two 
quantities of mercury. 
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Exi*t. li^8. — Mix 1 lb. of water at the teiiii)erature of the 
ail* with 1 lb. of iron at 100' C, and notice the temperature of 
the mixture. Mix 1 lb. of water at 100 0 with 1 lb. of iron at 
tbe atmosj)heric temperature, ami notice that the resulting 
temperature is in the latter cjisc much the higher. 

Expt. 130. — Shake uj) known weiglits of water and mercury 
at diftercnt temperatures, and note the resulting temperatures. 
Repeat, using water and turi>cntine at known but different 
temperatures. Confirm by shaking up mercury and tur- 
pentine. The relative ca]>acities for heat are inversely as the 
weights, and invei*sely as the change of temperature. 

Measurement of Quantities of Heat. — As in all other cases 
of measurement, wo must have some unit in terms of which 
to compute tlie (piantity of heat which is being measured. 
The unit of heat generally adopted is the quantity of heat 
necessary to raise the temperature of 1 gram of water 
through 1' C. In terms (jf this unit the amount necessiiry to 
raise 10 grams of water through 1^ would be 10 units of heat, 
or that required to raise 1 gram through 10’ would bo the 
same amount. Water has the greatest ca]iacity for heat of all 
forms of matter ; in other words, ;he quantity of heat reijuired 
to raise 1 gram of water through I'’ C. is greater than the 
(juantity required to raise 1 gram of any other substance 
through the same interval of temperatin*e. 

As we have defined the unit quantity of heat, the capacity 
which any substance possesses for receiving heat may be ex- 
pressed in terms of the unit. The capacity for heat of a body 
is the number of units of heat required to heat it through 
r C. The capacity for heat (or thermal capacity) of unit 
mass is called the Specific Heat. 

As water has the highest capacity for heat, any weight of 
water at any temperature contains more heat than the same 
weight of any other substtmee at the same temperature. A pound 
of water at 100° C would thus possess a greater heating effect than 
a j)ound of letid, or iron, or copper at the same temperature. It 
has been seen by experiment that when equal weights of the same 
substance arc mixed together, the temperature of the mixture is 
half-way between the temperatures of the two parts which make 
it. If, however, equal weights of two different substances at 
different temperatures are mixed together, the resulting tem- 
perature lies nearer the temperature of the substance with the 
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greater specific heat. In estimating the quantity of heat taken 
up or given out by a body, we must find the product of three 
quantities, viz., its mass, its capacity for heat, and the range of 
temperature through which it is heated or cooled rerpectivelj^ 

In considering any question on capacity for heat, it should be 
borne in mind that the amount of heat given' out depends upon 
the weight of the substance involved, its change of temperature, 
and the heat capacity of unit mass, or its specific heat. 

. Conduction of Hoat. — ^By touching a succession of things in 
a room, say the marble mantel-piece, the fender, the back of a 
chair, the hearth-rug, we obtain a succession of sensations • the 
finst two we say are cold, the 
chair-back not quite so cold, 
while the rug feels quite 
warm, and yet they are one 
and all under the same con- 
ditions and there is no reason 
why they should not be at 
the same temperature. Tlie 
explanation of these different 
sensations is really very 
simple. In all those cases 
where the hand receives heat 
we feel the sensation of 
warmth, while m those where 
the hand gives ont heat wo say the body is cold or cool. Fig. 
61 will enable the student to remember this. Now we see w'hy 
the fender feels colder than the hearth-rug. Tlie fender takes 
more heat from the lyind than the hearth-rug, and it does so 
because it is a better conductor of heat. 

We shall do well to consider this expression a little. Put one 
end of a poker in the fire and hold the other. Soon the poker 
begins to feel warm, and as time goes on it gets warmer and 
warmer, until at last you can hold it no longer. Heat has 
passed from the fire along the poker, or has been conducted 
from the fire by the poker. 

The process by which heat passes from one particle of a 
body to the next is called conduction, and the body along 
which it passes is known as a conductor. 

Gk>od and Bad Conductors of Heat. — As we have leamt, 
heat is conveyed by conduction from one particle of a body to 
the next, the heat travelling from the hotter to the colder parts. 
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Such conduction causes no visible movement of the parts of the 
body. This is the process by which heat passes through solids. 
Those substances which easily transmit heat in this way are 

called good conductors, while 
those which offer a considerable 
amount of resistance to its pass- 
age are cfilled bad conductors. 

Exi*t. 140. — Wrap a piece 
of paper smoothly round a 
brass tube and hold in the 
flame of a gas burner. The 
paper is not scorched. Wrap 
the paper around a wooden 
rod of the same size, and 
heat as before ; the paper is 
scorched, Fig. G2. Brass is a 
good conductor, wood but a 
Piif. 02.— Experiment 140. poor one. How does this ex- 

plain what you have noticed ? 
Exi*t. 141. — Twist an iron and a copper wire together at one 
end. At aliout four inches from the joint fasten a marfale 
on eacli witli beeswax. Heat the joint in a Bunsen flame. 
Notice that the marble on the copper is the first to fall. Why ? 

Expt. 142. — Make a short coil of stout copper wire J inch 
internal diameter. Pass it over the wick of a candle without 


I. 

Pro. 68,— Exporimont 148. 

touching the wick. The candle is extinguished owing to 
the cooling effect of the wire which conducts away the heat. 

Expt. 143. — ^Tum on, but do not light, a gas jet. Hold over 
it a wire gauze, and light the gas above the gauze. Notice 
that the flame does not strike through. Why? Vary the 
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experiment oy lowering a piece of cok’ wire gaiize upon an 
ordinary Bunsen flame. A^'hat hapjiens ? 

Liquids are bad conductors of lieat. We Ciin show this in the 
case of water by the following experiment. ^ 

Exi*t. 144. — ^Fill a test-tube three (quarters full with cedd 
water, and having weighted a small piece of ice by Winding 
wire round it, or in some other way, drop it into the test-tube. 
Hold the test-tube near the bottom where the piece of ice 
is, and warm the top of the water in a Bunsen flame, as shown 
in Fig. 64. The water at the top can be heated until it boils 
vigorously and yet the ice is not 
melted, slioTvdng what a bad 
conductor the water is. 

Liquids are bad conductors of 
heat, but gases arc far worse, as 
the following experiments in- 
dicate : — 

Expt. 145. — Examine the 

shadow of a rod-hot poker. 

Notice that the heating of the 
air as exhibited by its flicker- 
ing extends but a very little way 
downwards, thus showing that air is a bad conductor of heat. 

Expt. 146. — Place a little lime in the palm of the hand and 
bring the point of the hot poker upon it. The air enclosed in 
the lime does not conduct the heat of the poker, so the hand 
is not burnt. ^ 





Fio. 64.— To illustrate that Water 
is a bad Conductor of Heat. 


Everyday applications of these fiaots about Bad Con- 
ductors. — To keep ice in the warm days of summer the custom 
is to wrap it up in flannel and put it into a refrigerator. The 
flannel, because of its loose texture, encloses a quantity of air, 
which, being a bad conductor of heat, prevents the passage of 
heat from the warm outside air to the cold ice inside. 

Similarly, ice which has to be conveyed by rail or boat is 
packed in sawdust. 

The refrigerator itself, too, depends upon much the same 
facts. The common form consists of a double-walled box with 
a space between the walls. This is either left empty as it is 
called, when it is full of air ; or, it is fiUed with some other bad 
conductor, such as the mineral substance asbestos. 

L 2 
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If we wish to lift a hot plate we hold it with a folded cloth for 
the same reason. Cylinders of engines are encased in a packing 
of some badly conducting material. 

Oonvection. How Liauids and Gases become heated.-- 
The process by which water and other liquids are heated must 
now be considered. The water nearest the source of heat gets 
heated, expands, and in consequence gets lighter ; it therefore 
rises through the general mass of the liquid. Sometliing must 
,take its place, and the cold water at the top being heavier sinks} 
and occu])ios the space of the water which has risen. This water 

in its turn gets heated and 
rises, and more cold water 
from the surface sinks. This 
gives rise to upward currents 
of heated water and down- 
ward currents of cool water, 
until by and by the whole of 
the w'ater is heated. These 
currents are known as con- 
vection currents, and the 
process of heating in this 
manner is called co7irec^ion. 

Exit. 147. — Heat over 
a small Ihime a *' round- 
bottomed flask full of 
water, Sf aa in Fig. (>6. 
Throw into the water 
Fuj. 05.— Convection Curronts. SOIlie ^ solid colouring 

natter, like cochineal, 
jiniline dye, litmus, &c. Notice how the hot and coloured 
water ascends. 

Gases are similarly heated by this process of convection, 
which may be thus defined : — ^ConVection is the process by 
which fluids (liquids and gases) become heated by the actual 
movement of the particles of the fluid. 

Applications of Heating by Oonvection. Heating Build- 
ings by Hot Water. — One of the commonest ways of heating 
large buildings is by means of hot-water pipes, and the cflicacy 
of this plan is due to the facts we have just learnt. In Fig. 66 
we have the condition of things in such a building very simply 
represented. We will suppose, to begin with, that the boiler B, 
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the pipes ah, c&c., and th(j coils 0, O', aie nearly full of cold 
water, and that the fire helow the boiler is lighted. Heat ]ias^es 
through the bottom f>f the boiler by the prcK-ess of conduction, 
and heats the layer of water near it, which, expanding, rises ami 
jmsses up the tube ah to the top of the building, where it gi^ es 
out its heat to the rooms. The place of this water which has 



Fig. 60 .— Heating a largo building by hot wator pipes. 


thus risen is tfiken by cold water from the other pipe terminating 
just past d. This in its turn gets warmed and rises, and its 
place is taken by the water which has become cold by its passfige 
through the pipes in the various rooms. There is thus no dif- 
ference in this case from what wc have seen to be true in the 
flask of water being heated from below. 
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Ventilation. — The ventilation of ordinary dwelling rooms is 
easily possible because of the way in which gases become heated. 
The air in a room becomes warmed and rendered impure at the 
same time. Consequently there is a tendency for the vitiated 
air to rise, and if a suitable place near the ceiling is made for its 
egress as well as a place near the floor for the colder, purer, air 
from outside to enter, wo shall have a continuous circulation of 
air set up which will keep the atmosphere of the room pure and 
sweet. 

Expt. 148.-— Slightly open the door of your rocun, and hold a 
lighted candle (a) near the bottom, (6) at the middle of the open- 
ing, (c) near the top. How is the light affected ? (Fig. (>7). 




Ki(i. 07. — To illuhtrato Kxiiorimout 148. Fio. 08.— How to vcutilatu. 

Expt. 149. — Place a shoi*t piece of candle in a saucer, liglit it, 
put a larnj) glass over it, and pour sufticient water into tlie saucer 
to cover the both mi of the lamp glass (Fig. 68). Watch how 
the light of the candle is affected and describe what happens. 
Next cut a strijj of card less than half the height of the lamp 
glass, and nearly as wide as the internal diameter of the top. 
Insert the card into the lamp glass so as to divide the upper 
j)ai*t into two halves. Now light the candle again, and see 
wliether it will bum with the divided chimney over it. 

Test the direction of the cuiTents of air at the top of the 
chimney by holdnig a smoking taper or match over it. 
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CuANor OF State. 

Melting Point. — The first effects on heating a solid, as has 
been seen, are to raise its temperature and to cau, > an increase 
in its volume. If we continue the process of he;iting, the solid 
state gives place to a liquid condition, or the solid melts or fuses. 
Common experience affords many examples of this, e.j/., when ct 
lump of lead is heated its temperature rises and it gets larger, 
and as the heating is continued it is converted into a silvery 
liquid. Wax, ice, and iron are other examples. But the tem- 
perature at which the liquid state is assuintd, i.c., the melting 
point, is widely different in the ctise of different substances, as 
the following fcible shows : — 

ExmnjTles of Meltimj Points. 

Ice C. 'J’in 230" C. 

Beeswax 05^ Leiid 330^ 

Sulphur 115° Cast Iron... 1200° 

Expt. 150. — Pound some jneccs of clear ice and thrust a ther- 
mometer into the powdered mass. Record the temperature 
indicjited by the thermometer. 

Put some of the ice into a beaker and pour in some water, 
stir the mixture and again record the temperature. 

Place the Ijoakor on a piece of wire gauze or in a sfind bath 
and warm gently. Notice the reading of the tliermometcT* as 
lot}(j as there is any ice unmdted. In all these cases the tom' 
perature is the 8.*uiio, or the temperature of melting ice is 
constant. 

Exi’T. 151. — Soften a jiiece of glass tubing in the fiame of a 
blow])ii)e and, removing it from the flame, draw it out until 
the bore becomes very small. Cut off a i)ieco of it and dip it 
into some melted beeswax. In this way the fine tube becomes 
filled with wax which soon solidifies. Tie this filled tube on 
to a thermometer, near its bulb, and put the thermometer into 
a beaker of water w hich has been placed over a burner in the 
w ay shown later in the Chapter on Sulphur (Chapter XVII.) 
Gradually heat the water and notice when the wax melts, and 
at that instant read the thermometer. Tliis reading will be 
the rneltiny inyint of the wax. 

Boiling Point.— In explaining the miture of the process >)y 
which Iwiuids are heated, it was seen that the bottom layers of 
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water become heated and rise, their place being taken })y the 
colder layers from above. After this heating has been continued 
for a certain length of time, the bulk of the water gets so hot that 
the bubbles (jf vapour which are formed near the source of heat 
are not condensed again in their upward passage through the 
liquid, and coming to the surface they escape as steam. The 
temperature at which bubbles of this sort get formed throughout 
the mass of the liquid is quite definite for a given ijressure of the 
atmosphere and is known as the boiling point. 

Exit. 152. — Fit a cork, with two holes through it, into a flask 
or test-tube (Fig. 69). Half fill the 
flask or test-tube with water, and 
I)ush the thermometer through one 
of the holes in the cork until the bulb 
is wholly immersed. Into the other 
hole fit a piece of glass tubing bent 
at right angles. Place the flask or 
test-tube upon a retort stand, and 
observe the division of the thermo- 
meter scjile level with the top of the 
mercury . G ently heat th o water un til 
it boils, noticing how the mercury of 
the thermometer is affected through- 
out the process. See wliere the 
mercuiy stands when the water is boil- 
ing and find whether any difference 
is produced when the water is boiling 
furiously and when it is boiling gently, 
liaise the thermometer until the bulb is just above the boiling 
water, and observe the temperature which it then indicates. 

Effect of Pressure on the Boiling Point.— A word or two 
must be said with respect to the reservation whicli has been 
made about the pressure of the air. It has been seen that 
the weight of the atmosphere is very considerable. It presses 
''iSpon the surfaces of all bodies with a force dependent upon 
its weight, which, like all other forms of matter, is pro- 
portional to its mass, and the mass of the atmosphere will depend 
upon the extent of the air above the body, which wiQ clejirly be 
less at the top of a mountain than at the bottom of a mine. 

If we wish to boil a liquid, therefore, in those cases where the 
pressure of the atmosphere is great we shall have to heat the 



Fig. go.— D otermining a 
Iwiliiig point. 
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liquid more before the bubbles of vapc/ur can escape at the 
surface than when the pressure is less. If we heat the liquid 
more its temperature will get higher beb»rc there is aii/ con- 
veraion into vai)our, and conse<iuently its boiluig point wiU be 
higher when the pressure is greater. In finding the boiling 
point of a liquid we must therefore know the pressure of the 
atmosphere at that place and time. 

Exi*t. 153. — Get a well-fitting, somid cork to fit the neck of a 
4 oz. round-bottomed flask. Boil water in the flask tiU all the 
air is expelled. Remove the burner and cork up the flask as 
mpidly as possible. Turn the flask over and pour cold water 
on the up-turned bottom. Notice that as the pressure is diiii- 
inished by the condensation of the vapour the water boils again 
at a lower temperature. 

Latent Heat of Fusion. — It has been already pointed out that 
when ice is melting the mixture of ice and water remains at the 
winie temperature as long as any ice is left, although the mixture 
is being continuously heated. The heat which is thus absorbed, 
and has no etfect on the temperature of the mixture, is used up 
ill Ciiusing the change of state from solid to Ikj^uid, and since it 
lies hidden, as it were, is referred to as the latent heat of fnsion 
or the latent heat of ivater. This quantity of heat can be defined 
as being the numW of units of heat which are required to 
change the state of the unit mass of ice, converting it from 
the solid to the liquid condition, without raising its tem- 
perature. 

To molt one pound of ice requii’es as many heat units as are 
necessary to raise a pound of water from 0^ to 80^0., or as much 
heat as is wanted to raise 80 lbs. of water through 1" C. In just 
the same manner, before a pound of water can be changed into 
a pound of ice we must take away from it just the same amount 
of heat. Bearing this in mind, it is easy to understand why it 
takes so many cold nights to cover a pond over with ice, and 
why it bikes such a long time, too, to completely melt the snow 
in our roads ev(m after the thaw has set in. 

Latent Heat of Vaporisation. — When a liquid boils, as 
we have seen, the thonnometer remains stationary as long as 
there is any liquid left. After boiling has commenced ajl the 
heat is absorbed in changing the substance from the liquid to the 
gaseous state. This heat also becomes “latent and is refered 
to as the latent heat of vaporisation or the latent heat of steam ; it 
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can be deiined as the number of heat units required to 
change the unit mass of water into steam without changing 
its temperature. 

The latent licat of water can be measured by mixing a known 
quantity of ice with a known quantity of warm water and 
ascertjiining the amount of heat given up by the warm water to 
melt the ice. In a similar inamier, by mixing a known quantity 
of steam with a known amount of water and ascertaining how 



Kifi. 70. -Amiiit'ement for p<assiiig steam into a vessel eoiituining cold water. 


much heat the steam gives to the water, we can measure the 
latent heat of steam. 

Exi*t. 154. — Put some ice into a known weight of hot water. 
Notice the temperature when the ice is melted. Determine 
the weight of the ice by roweighing the water. Notice that a 
small (juantity of ice retiuires a large quantity of heat to 
melt it. 

Expt.155. — Pass steam, produced by heating water in a 
flask, through a delivery tube into cold water. Notice the 
raj)id rise in temi)erature of the water, and determine the 
weight of water condensed. To prevent hot water from coming 
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out of the end of the delivery tube, a trap such as is shown in 
Fig. 70 should be used. 

There is an absori)tion of heat which has no effect on the 
thermometer whenever a liquid is converted into a vapour. 

We have taken the case of water as an example, but the same 
general phenomenon can be noticed in every case, 

Expt. 156. — Pour a few drops of any very volatile liquid, 
such as ether or carbon bisulphide, upon the hand. It soon 
disappears, and as a result of its disap] )earance tlie hand feels 
very cold. The hoiit necesstiry to effect the change of state 
has been taken from the hand. 

Expt. 157. — I’lacca fewMlroj)sof water between the bottom 
of a small beaker and a block of w'ood. Put some etlier into 
the beaker and blow over it with a pair of bellows having a 
tube fastened to the nozzle. The water wdll freeze. 

When the weather is hot it is a common plan to wrap wet 
cloths round bottles of wine to keep the beverage cool. In this 
cjise the evaporation of the water on the cloth is ])ossible only 
by the al)sorjjtion of a large amount of heat, which is extracted 
from the bottle. For precisely the same reason, water is kept in 
porous vessels in hot countries. 


Chief Points of Cuaptku X. 


Effects of Heat. 


Chawjit of Slaiv. 

By the addition of 
Jieat a solid can be 
melted into a liquid, 
and then vapoi ised ; 
the changes happen 
in the reverse order 
if sufficient heat is 
withdrawn. 

A Thermometer is an instrument for measuring temperature. Its 
action usually depends upon the fact that substances exijand wlien 
heated and contract when cooled. 

Why Mercury is generally used in Thermometers.— The following 
are the chief reasons why mercury is the best liquid to use in ther- 
mometers under ordinary circumstances 


Change of Size. 

8nhslances ex]>and 
when heated and con- 
tract when cooled, 
thcamount of cliange 
varying with differ- 
ent materials. 


Change of Tern- 
pcralure. 

When a body is 
gaining heat it rises 
in temperature, and 
when it is losing heat 
it falls in tempera- 
ture. 
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(1 ) It remains liquid through a long range of temperature ( -- 40° C. 
to 357" 0.). 

(2) It expands considerably for a small rise of temperature. 

(3) Its amount of expansion for one degree rise of temperature is 
fairly uniform while it remains liquid. 

(4) It is a good conductor of heat, and therefore it quickly assumes 
the teinxMjrature of objects surrounding or touching it. 

(5) Comparatively little heat is required to raise its temperature, 
that is, it has a low specific heat. 

(6) It can be easily seen, and does not wet the glass contain- 
ing it. 

Thermometric Scales. — The distance between the marks of freezing 
and boiling points on the stem of a thermometer may be divided as 
follows ; — 

Fahrenheit scale. Centigrade scale. 

Boiling point 212“ 100“ 

^Freezing point 32® 0“ 

Discrimination between Heat and Temperature. 

Heat. Tempty'otarc. 

Dependent on the energy of Dependent on the velocity of 
the vibration of the particles of the vibi’ationof thei)articlesof a 
a body. body. 

Capable of i)roducing change Is changed by the ad<lition or 
of temperature. ’ dihdrawal of heat. 

Measured in heat-units. Measured by degrees. 

Analogous to water flowing Analogous to difierence of 
from hi^i to lower levels. . level. 

Capacity for Heat. — Some substances have a greater capacity foi* 
heat than others. This is analogous to vessels of ditTerent sectional 
area. 

Capacity to hold Liquidft. Captacity for Heat. 

The same quantity of water The same quantity of heat 
poured into a narrow and into produces different temperatures 
a wide jar produces different (heat level) in equal masses of 
changes of level. different substances. 

A wide jar contains a greater A body having a large heat 
quantity of water than a narrow capacity, if at a given tempera- 
one filled to the same height. ture, contains a gi*eater quantity 

of heat than the same weight of 
a substance of less capacity for 
heat at the stimc temperature. 

Quantity of Heat. — The amounts of heat absorbed (or given out) 
by equal weights of different materials when heate<l (or cooled) 
through the same range of temperature are in general different. 

The Capacity for Heat or the Specific Heat of a body is the number 
of units of heat required to heat one gram of a substance, through 
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TransmuiBion of Heat. — Heat travola from '’>ne body to o-uother by 
conduction, convection, or radiation. 


Conduction.. 

The particles pass 
on the heat vibra- 
tions from one to 
the other, Tliis is 
how solids get hot. 


Convertion. 

Hot particles move 
away from the source 
of heat, and cooler 
ones take their place. 
This is Imw liquids 
and gases chiefly get 
heated. 


RadkUiou. 

Due to the '•’ibra- 
tions of a heated 
body being trans- 
mitted through the 
ether : examine, the 
heat of the sun trans- 
mitted through space 
to the earth. 


Change of State. — Many solids change into liquids, and liquids 
into gases, at definite temperatures. During these changes of state 
heat is absorljed without rise of temperature. The change of state 
generally involves a change of volume. 

latent 

Solids + heat of = Liquids, 
liquefaction 

latent 

Liquids -f- heat of » Gases, 
vaporisation 


Questions on Chaptee X. 

^ L (a) Why is the tube of a thermometer made with a narrow bore, 
while the bulb is large ? 

/(6) Why is the top of a thermometer sealed up ? 

/ (c) Why is mercury the best liquid to use in a thermometer 
under ordinary circumstances ? 

^\d) Under what circumstances is alcohol used instead of 
/ mercury ? 

2. Enumerate the effects which ensue when a solid body is con- 
tinuously heated. How would you show these effects experiment- 
ally ? 

/ 3. Describe experiments to prove the expansion by heat of (a) a 
solid, ib) a liquid. 

/4. How are the “fixed points” of a thermometer determined ? 

5. Draw some distinctions between heat and temperature. 

6. Describe an experiment to show that different substances at the 
same temperature have different quantities of heat. 

7. State the meaning of “conduction” and “convection” as 
applied to heat. 

8. How would you prove that when ice is melted heat is absorbed 
without rise of temperature ? 

9. State precisely what is meant by the statement that the 
specific heat of mercury is *033. 
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10. Describe an experiment to show tliat water is a bad conductor 
of heat. 

11. Explain fully the manner in which liquids become heated. 
Describe some useful application of the facts. 

12. Describe an effective jdan for ventilating a dwelling room 
and point out the principle upon which it dci>ends. 

13. Define what is understood by the melting point of a solid. 
Explain how you would proceed to determine this temperature in the 
case of beeswax. 

14. What happens precisely when a liquid boils? What con- 
nection is there between the hioiling point of a liquid and the pres- ' 
sure of the atmosphere ? 

15. Give a detailed account of the changes in volume and tem- 
perature which are noticed as a piece of ice is continuously heated. 

16. What is meant by the latent heat of fusion ? Apply 3’our 
definition to account for the length of time necessary to effect a 
complete thaw after a season of frost. 

17. Describe and explain the means adopted to obtain ice in 
tropical countries. 

18. Why is ice wrapped in flannel in the summer when we want 
to prg^erve it ? 

19. If a pound of water at 100® C. is mixed with a pound of water 
at 0® C®., the temperature of the mixture is 50®. How would the 
result have differed if a pound of oil at 100® C. had been substituted 
for the hot water ? Explain the diflerence. 

20. Four ounces of hot lead filings and four ounces of water 
at the aame temperature are pourrd upon separate slabs of ice. 
Will the lead or the water melt the most ice ? Give reasons for j^our 
answer. 

21. What will be the temperature of the mixture produced by 
mixing ; — (a) 1 lb. of water at 0® C. with 2 lbs. of water at 90® C. ? 
(6) 1 lb. of mercury at 10® C. with 1 lb. of mercury at 100® C. ? 

22. Water sometimes spurts from the spout of a kettle standing 
upon a fire. How do you account for this, and how would you 
prevent it without taking the kettle off the tire ? 

23. What is a thermometer, and what information concerning heat 
'does it supply ? 

Give an instance of each of the following effects produced bj^ 
heat : (a) change of size, (b) change of temperature, (c) change of 
state. 

24. Describe a differential air thermometer. How would you use 
it to investigate whether equal volumes of two different substances 
give out equal amounts of heat when cooled through the same range 
of teimperature ? 

25. Why is a vessel of water heated more quickly if heat is 
applied at the bottom than if it is heated at the top ? 

Draw a diagram to illustrate the movements of a liquid heated 
from below. 

26. Explain exactly Irow the boiling point of a thermometer is 
determined. 

27. Point out the difference between the conduction and convection 
of heat. 
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Describe an experiment showing that water is a bad conductor of 
heat. 

2S. Describe carefully the manner in whieh the freezing and 
boiling points on a thermometer are iletermincd 
29. Explain what is meant by specific heat. How' would you 
show that equal weights of two different subst juices gi\ e out dilfforent 
amounts of heat when cooled through the same range of temperature? 



CHAPTER XT 

LIGHT 

In Chapter IX the student has had his attention directed to 
this subject in conMdering energy. Radiation was there regarded 
as a ^rm of energy, and was seen to present itself under several 
different aspects. Sound was instanced as an example of mdia- 
tion which, resulting in the first place from a sounding body, is 
transmitted through the surrounding medium, air, as a vibration 
of its particles. The vibrating source of sound sets the neigh- 
bouring air particles oscillating b*M5kwards and forwards, and 
this one, in its turn, sets its neighbour in motion in the same 
way all along the line of travel of the sound disturbance. But 
after the passage of the disturbance the air returns to its 
previous condition and undei^oes no pennanent change. Such 
a mode of propagation is spoken of as wave-motion. 

In this chapter, however, we shall chiefly concern ourselves 
with those radmtions which include light and are conveyed 
through the other medium which has been already referred to. 
It is known as the ether and pervades all space; it exists as well 
throughout the mass of all material bodies. These radiations are 
also proj)agated by waves, though in a different manner from 
that in which sound travels in the air. They may be regarded 
as ether-waves. 

Waves. — Before the nature of wave-movements in the ether 
can be understood, it will be necessary to learn what is meant by 
a wave, as well as those terms which are used in speaking about 
them, and this cannot be better done than by beginning with 
waves in water. Everybody has started these by dropping a 
stone into a still pond. Where the stone is dropped the water 
is pushed down into a hollow cavity which, as it is watched, 
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spreads in every direction until the edge of the pond is reached . 
Had a cork been placed upon the water, it would have been 
noticed that when the disturbance reached it, all that happens 
to it is an up and down motion. It does not move forward with 
the wave. The downward motion of the water producing the 
depression when the stone comes into contact witli the pond is 
followed by the production of a crest by the swinging back of 
the water particles, and this crest moves across the pond 
* immediately after the depression and with the same velocity. 
This is succeeded by the formation of another depression, which 
is followed by a second crest, and so on until the effect of the 
impact of the stone has died away. The distance from one crest 
to the next or from one depression to the next is called a wave- 
length. 

It must be very carefully noticed that the water particles 
themselves move np and down,- or vertically, as shown by the 
ccu‘k, whereas the wave itself moves along the surface of the 
water, or horizontally. These two directions are at right angles 
to one another, and such a wave is called a transverse wave. 

If the motion of the particles is in the same direction as 
that of the projiagation of the wave motiem the wave is called 
longitudin^. 

Ether- waves are of the first kind, t.c., transverse waves ; 
sound waves in the air are of the latter kind. 

Ether-Waves are of Three Kinds.— The ether-waves which 
come to our jdanet from the sun, and comprise what is inclu- 
sively called sunlight, produce different effects. If they fall 
upon our bodies tliey may be absorbed, and the energy of the 
wave-motion become converted into heat, and for this reason 
the waves which have been absorbed are spoken of as Radiant 
Heat ; if they fall upon the retina of an eye, they may produce 
a sensation of light, and we then call the waves Light ; falling 
upon a photographic plate or upon a green leaf, they may 
produce certain chemical effects, and are then referred to as 
Actinic rays. The word “ rays” means simply kinds of radia- 
tion, and hence we may speak of heat rays, light rays, and 
actinic rays. It cannot be too strongly insisted that in their 
passage through the ether these ether-waves do not give rise to 
any of these results ; they are simply waves transferring energy 
by wave-motion. 

1 Really eodi particle of water moves round in a circle, but the statement in 
the text brings out the nature of transverse waves. 


M 



m 


KLEMKNTARY OENERAL SCIENCE 


CIIAl*. 


Some Laws Relating to Light. 

Light Travels in Straight Lines. —That light rays travel in 
straight lines can be at once shown by examining the jjath of these 
waves as they pass through a hole in a shutter of a darkened 
room. Though, as has been learnt, the light-waves are not 
themselves visible, yet the path of the light becomes ap])arent 
(because the minute particles of dust in the air are renderecL. 
luminous by the vibrations of the ether being absorbed by theiii. 
The p^ith of the light can thus )>e followed, and is seen to be in 
a straight line. We can infer this from several everyday 
experiences. We cannot see round a comer ; if light travelled 
in lines that were sometimes bent (we are speaking of a 



Fio. 71.— To illustrate that Light travels in Straight Lines. 


uniform medium), there is no reason why we should not. Or, 
again, every one knows that it is only necessary to put a small 
obstacle in the path of the light from a luminous bcxiy to com- 
pletely shut out our view of it. The light from the setting sun, 
when the sky is cloudy, is often seen to travel in straight lines. 

Expt. 158.— Take three cards and make a small hole in each 
with a fine needle. Fix the cards on to wooden blocks so that 
all the holes are at the same height and in a straight line. 
Place a lighted candle or a lamp in front of the card, and look 
through the third (Fig. 71). As long as the holes are in a 
straight line you can see the light from the candle shining 
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through. Move one of the cards asidtj, and notice that you 
can no longer see the light. It must bo remembered that 
what wo have said about light applies equally to all other 
kinds of radiation. 

Expt. 159. —Place a stick vertically between the wall and a 
long thin luminous gas flame. Notice that the shadow of the 
stick is 8haiq3ly defined. 

Expt. 100. — Construct a pin-hole camera as follows : — Make 
• two paste-board tubes, by rolling pasted paper on a wooden 
cylinder, so that one fits 
inside the other. For the 
wider tube previously 
cover the cylinder with 
dry paijer. Cover one 
end of the narrower tube 
with tissue paper and 
thrust this end into the wider tube. Line with black paper. 
Notice pictures on the tissue paper. Reason out how they 
are fonnod. Many toy-shops sell cheap pin-hole cameras, 
which may bo used instead of constructing one from tubes. 

Expt. 161. — Cover a lantern cap with tinfoil, remove the 
condensing lens, and place the cap on. Make pin-holes in 
the cap. For every pin-hole there is an image formed on the 
screen. Make the pin-holes more and more numerous, and 
near together, till the images overlap and become confused. 
At last diftusod light is produced, which is an overlapping of 
images. 

Reflection of Light. — When any wave is sixid to be reflected, 
it is understood that it comes into contact with the surface of 
some body, and is thrown back from that surface, and travels in 
a direction opposed to that in which it was originally moving. 
This may happen in two ways, either regnlaxly or irregularly. 
In the first case it is turned back according to fixed rules, while 
in the second there is no uniformity about the reflection. The 
page on which this is printed appears to be white because, owing 
to the roughness of the paper, of the irregular reflection of the 
light which falls upon it. Or, if we powder a sheet of glass, 
the powder seems to be white for a similar reason ; there are 
many surfaces formed from which irregular reflection takes 
place. 

Regular Reflection of Light. — Light is regularly reflected 
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from a plane mirror, that is, a fiat reflecting surface. Such a 
mirror can be made from a variety of substances, but the most 
common is l)right metiU or silvered glass. To find the relation 
between the angle at which a beam strikes a miiTor and the 
angle at which it is reflected, the following experiment should 
be performed. 

Exrr. 162. — Fix two slabs of wood at right angles as in 
Fig. 73, AB, CD. Against the upright slab place a piece of- 


Fio. 73.— Arrangoment to, illustrate the Law of Reflection. 

glass EF with blackened back so that reflection only tfikes 
place from the front. Upon the horizonbil slab iflace a sheet of 
white paper. Stick a pin h in the wood against the glass, and 
place another pin near the position a. Now procure another 
pin and stick it into the wood at c in such a ])osition that c, by 

and the image of a are in 
a straight line. Draw 
with a finely pointed 
pencil a line along the 
edge of the glass xaj ; 
then take glass and pins 
away. 

The paper wiR be 
marked by the pin-holes 
and the line scy. Draw 
Fia. 74.— Angles of Incidence and Reflection. lines through* the pin- 

holes, and at & a normal 
to xy, that is, a line perpendicular to xy. Measure the angles 
dbdf cbd, and compare them (Fig. 74). Bepeat the experiment 
two or three times, with the pins in diflerent positions, and so 
determine that the angle of incidence and the angle of reflec- 
tion are equal. 
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The same facts can be demonstrated ^nd shown to the whole 
class in another way : — 

Expt. 163. — Fasten a little whitened, wooder. stick with wax 
perjDendicularly at the centre of a plane looking-glass. Cast 
upon the mirror, at the foot of the rod, a beam of parallel rays 
from the lantern, or a sunbeam coming through a hole in a 
screen. Notice (a) that the reflected beam always makes the 
. same angles with the miiTor and the stick as the incident 
beam does, and (6) that the incident beam, the stick, and the 
reflected beam all lie in one plane (Fig. 75). 

From these observations we learn that the light strikes the 
mirror at a cerbiin angle and leaves it at the same angle. The 



Fia. T.'i. — Tliu Laws of tlio Uortectiou of 


angle at which the light or any sort of wave strikes the reflecting 
surface is called the angle of incidence, and the wave an 
incident wave. The angle at which the wave leaves this 
surface is known as the angle Of reflection, and the wave as it 
leaves the reflected wave. 

Laws of Begular Beflection. — From the experiments and 
considerations which have just been described we arrive at the 
two laws which must be very carefully remembered ■ 

1. The line^f^^esenting the reflected wave is in the same 
plane with the normal and the line representing the inci- 
dent wave, an4^,.i(f on the opposite side of the normal from 
the incident line^ 


166 


ELEMENTARY GENERAL SCIENCE 


CHAP. 


2. The angle of incidence is equal to the angle of reflec- 
tion. 

The student must bear in mind that these laws apjdy equally 
to all forms of radiation, whether in the ether or in air; i.e., 
to all ether waves and to all sound waves. 

It was also learnt from Expt. 162 that when a wave strikes a 
reflecting surface 'normally^ i.c.j having travelled along the 
normal, it is reflected back along the same line. 

Formation of an Image by a Plane Mirror. —These two rules- ' 
enable the formation of an image by a jdane miiTor to be easily 
understood. 

Let MM be the plane mirror, and A a bright spot of light like 
the head of the pin in Expt. 162. First see what hai)i)ens to the 

light ray which leaves A and 
Cj strikes the mirror normally. 

I It is reflected back along the 

r V 1 same line and the reflected 

' a])pearB to come from a 

I j point A' along A' A. In 

j vk/ / ^ other rays, 

yr ! "m such as AB, the light ray 

i // is reflected in such a way 

{ /'/' that the angle of reflection 

I // CBD is e(|ual to the angle 

I // of incidence ABC and ap- 

j •/ pears to an eye placed as 

A/ in Fig. 76 to come along 

Fia. 76.— Tho Fonuatiou of an Imago by a ^ point A , where 

rianc Mirror. BD produced meets AA'. 

If we make the same con- 
struction for any other ray AB' it will be reflected and appear 
to bo coming along B'D', which produced l)ackwards will pass 
through the same point A'. A' is therefore the image of A, 
and it can be easily proved by geometry that A' is as far ])ehind 
the mirror as A is in front of it. 

Reflection from Spherical Mirrors.— A spherical mirror is 
a part of a spherical surface which has the power of reflecting. 
It may be either concave or convex, the former if the reflection 


takes place from the hollow side, the latter if from the bulging 
side. The centre of the sphere of which it forms part will 
evidently be the centre from which the jmrt of it constituting 
the mirror was struck, and this point is called the centre of 
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cnrvdture. The distance from this point to ihe reflecting sur- 
face is the mdim of curvature. Thus in Fig. 77 c is the centre 
of curvature and cM, cd, cM', are all r^idii of curvature. 
MM' is called the diameter or aperture of the nirror a^id d 
is called by many names, perhaps pole of the mirror is the 
best. A line going through the pole and centre of curvature 
is the principal axis of the mirror, any other radius produced 
being a secondary axis. We know from geometry that every 
radius is at right angles to the tangent at the i)oint where it 
cuts the circle, and since we can consider the tangent and 
circle as coincident at this point ; from what has been already said 
it will be clear that the radii are normals to the mirror. 
Evidently, then, if we jdace a luminous oliject at the centre of 
curvature we shall have all the rays of light from it reflected 


M 



M' 

Fia. 77.— Reflection from a Spherical Mirror. 


back along the lines of incidence, or the image will be formed 
at the same place as the object. 

Expt. 164. — Procure a concave mirror and cover it with black 
paper, except a small jiart at the centre or round the jiole. 
That is, let the aperture of the mirror be small. Allow rays of 
sunlight to fall upon it (these come from so great a distance 
that they can bo considered parallel). Move a very small 
paper screen up and down in front of the reflecting surface 
so as not to cut oft* the incident rays. Notice that at a certain 
point a clear image oi the sun is formed, and probably the 
screen will be burnt. 

The point so obtained is called the principal focus of the 
mirror. In Fig. 78, F represents this point and C the centre of 
curvature. The parallel lines show the direction of the sun’s 
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rays. This point F is midway between the pole and C, or the 
focal length is half the radius of curvature. 

Befiraction of Light. — Up to the present the light rays have 
been supposed to be moving through a medium of a uniform 



Fig. 78.— The Principal Focus of a Spherical Mirror. 


density throughout, such as is the case when it travels through 
air. ^ When this is so, as we have seen, light travels in straight 
lines, and, coming into contact with a reflecting medium, is 
burned back, according to the laws which have been studied. 



Fig. 79.— Befraotion t^J^ight. 


If, however, light pjisses from one medium into another of a 
different density the propagation of the wave is no longer recti- 
linear, the passage from one mediji^m into the other is accom- 
panied by a bending of its path. This bending is known as 
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refraction, and the ray is said to be refracted. We will de- 
scribe how this can be shown experimentally in the case of light- 
waves, but what holds good of waves of this particular length 
holds true of all ether- waves, as well as of any ^ther kii'i of 
radiation. 

Expt. 165. — Procure a rectangular metal box, such as a cigar- 
ette box, and put a wooden or metal scale on the bottom. In 
a darkened room let sunlight fall slantwise against the edge. 
The side of the box throws a sliadow which reaches, say, to C 
(Fig. 79), which, since light travels in straight lines in the 
same medium, is a continuation of the rays of sunlight A B. 
Without disturbing anything fill the box with water. The 
shadow no longer reaches to C, but only as far as D. Clearly 
the light-waves have been bent or refracted out of their 
original course. Notice that NN' is the normal, and that the 
light travelling from the comparatively rare air into the com- 
paratively dense water is refracted towards the normal. 

This experiment illustrates the general fact of the deviation 
experienced by a ray of light in passing from one medium to 
another of different density. The laws of refraction can be 
detenniued by another simple experiment. 

Expt. 166. — Upon a piece of board, ABCD (Fig. 80), place 
sheet of paper, and upon the piper put a piece of fairly 
thick glass EF with i)arallel sides (a thick piece of glass from a 
box of weights, a paper-weight, or a number of slips of micro- 



Fio. 80 .— Method of Determining Refraction of Light. 


scope glass will do very well). Rule along the edges of the 
glass with a finely-pointed pencil. Place two pins a, 6 as 
shown iiil 4he illustratk)n, and then, looking throwjh the glass 
from the other side, stick in the pins c, d so that all four 
appear in a straight line. 

Now take away the glass and pins and join the pin-holes on 
the paper as shown in Fig. 81. Draw the normal ehf, and the 
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circle elfg. Draw Im and gk perpendicular to ehf, and com- 
pare the lengths Im, gh. Obtain the ratio for clilferent 


positions of the pins ; it will bo found practically the same in 
all cases in which the same material is used. 

Notice that the direction of the ray cd, emerging from the 
glass, is parallel to that of ab. 



Fia. 81.— Ilefruction of Light passing through Glass. 


Those experiments will enable the general rules of refracticjn 
to be well understood. 

Buies of Befraction. — In Fig. 82 the shaded lower i)art of 
the diagram represents a denser medium than the unshaded 
upper portion. The word denser is used here, and in similar 
connections, to mean optically denser, and must not be confused 
with what has been said of the density of bodies in Chai)ter VII. 
Let RI represent a ray passing from the rarer to the denser 
medium, or the ray incident on the sufface of the denser medium 
at I. The angle RI makes with the normal at I is the angle of 
incidence. The ray is bent, as we have toarnt ; instead of continu- 
ing its course in a straight line along IR' it is refracted and 
travels in the direction of IS which represents the lefracted ray, 
the angle SIP being the angle of refraction. The angle R'IS 
which represents the amount the ray has been turned out of its 
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original path is called the angle of deviation. With thd centre I 
and any convenient radius describe a circle, and from the points 
where it cuts the incident and refracted rays diviw perpendicKilars 
on to the normal as in the figure. Also drop a ri)endiorlar 
from the point R'. It is clear from geometry that RT is equal 
to the peri)endicular let fall from the point where the incident 
ray cuts the circle on to the normal. The ratio between the 
lengths of R'R and SP is constant for the same two media, e.g., 
air and water, whatever the angle of incidence. This ratio is 



FiQ. 82. — To explain the liulcti of liefraction. 

called the indejt' of refmctwn. Its value for air and water is about 
J ; for air and glass roughly depending upon the kind of glass. 

The laws of refraction are then : — 

1. The incident ray, the normal, and the refracted ray are 
all in the same plana ^e incident and refracted rays are 
on opposite sides o^iie normal 

2. If a circle be WMcribed about the point of incidence, 
and perpendiculars be dropped upon the normal from the 
intersections of this circle with the incident and refracted 
rays, thA; ratio of the lengths of these perpendiculars is 
constant for any two given media. 

Effects of Refraction. — The following experiments illustrate 
further the phenomena and effects of refraction : — 

Expt. 167. — Place a bright object, say a coin, on the bottom 

of an empty basin, and arrange your eye so that the object is 
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jtist hidden by the edge of the basin. Get somebody to pour 
water into the basin. You will now be able to see the coin 
without any movement of your eye having taken place. 
Evidently there has been some bending of the direction of the 
light rays somewhere. 

In Fig. 811 let C be the position of the coin in which it is just 
hidden, as far as the eye is concerned, by the edge of the empty 
basin. If the rays from the coin C be continued in straiglifr 
lines these lines will evidently pass above the eye. Now when 
the water is put in, these rays, which before miss the eye, are 
refracted in jmssing out of the water and just enter the eye, 
making the coin appear to be in the position C\ The right side 



Fia. 83.— Coin Exi)erimout to show Befraction. 


of the vessel, if continued upwards, rei)resent8 the normal, and 
evidently in passing out of water into air the light-waves are 
bent away from the normal. 

Expt. 168. — Stretch a wire acrosatho opening in the cap of 
a lantern. Focus the shadow of the wire |jil a screen. Interpose 
a strip of glass in front of the wire and tilt the strip. Notice 
the displacement of part of the shadow. 

Expt. 169. — Place a glass cell before the lantern and focus 
it on the screen. Let the surface of the water be visible. 
Put a lump of ice on the water, and observe the streaky 
appearance of the illuminated part of the screen. Add syrup, 
alcohol, and hot water by a pipette. Notice similar effects. 

Pour the vapour of ether out of a bottle, and observe the 
appearance on the screen. Examine the shadows of burning 
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gas, a red-hot poker, or of pkoinuni v.ire through which a 
current of electricity is passing. 

It is the refraction of light in its passage from one medium 
into another of different density w'hich explains seveial very 
familiar observations. A stick held in anything other than a 
perjjondicular position in water aj)poars to Ije bent upwards 
(Fig. 84). Standing bodies of water always appear shallower than 
» they really are on account of refraction. 

Expt. 170. — ^Fill a glass cylinder (Fig. 85) with water, and 
place a coin at the bottom. On looking straight down through 
the water the coin appears nearer the surface than it really is. 



Fig, 84.— To illustrate why a Stick placed 
slantingly in Water appears to bo bont 
upwards. 



Fro. 85. — To illus- 
trate ail effect of 
llefraction. 


Hold another coin near the outside of the cylinder and place 
it at such a height that the two coins appear at the same* level. 
The amount by which the coin in the water is apparently 
elevated by refraction can thus be found. The len^h of the 
column of water through which the coin is obsen'^ed, divided 
by the distance from the top of the water to the outside 
coin, gives the index of refraction of water. 

Repeat the experiment with methylated spirit. 

Befiraction througli a Prism. — In optics a prism is defined 
as “ a wedge-shaped piece of glass contained between two planes 


lUi KLEMENTARY GENERAL SCIENCE chap. 

called its faces, which intersect in a line termed the edge of the 
prism.” It may also be defined as a solid having three rectan- 
gular sides (Fig. 86). 

Expt. 171. — Focus on the screen a small circular hole in the 
cap of the lantern. Introduce a wedge of glass, and show that 
the spot is moved towards the base of the wedge. Lot the 
first face of the wedge be oblique to the beam. Put a second 
wedge with the first, face to face and base to base, so as to* 
fonn a single wedge of double the angle. Notice the increased 
displacement of the light spot. Put them edge to base, notice 
the emergent beam is parallel to the incident. 

The amount of deviation of the beam thus depends upon the 
angle of the wedge or prism ; it also depends ui)()n the matorhil 
jpf which the prism is nifide and the nature of the incident 
light. 

faXh of a Bay of Light through a Prism.— In Fig. 87 let 



. Fio. 80. —A Prism. Fio. 87.— Path of a Ray of Light through a Prism. 

the triangle ahe represent a section of the prism at right angles 
to its faces, such as we should see by looking at the end of 
it. Suppose DE is a ray of light strikiilg the face nb of the prism. 
The light on entering the prism passes from the air into the 
glass, ov from a rarer into a denser* medium, and is, as was seen 
in Expt. 166, bent Unoards a line drawn perpendicular to the 
face of the prism at the point where the ray of light strikes 
it. It consequently travels along the line EE' until it reaches 
the face ac of the prism. Here it passes from the glass into the 
air, t.c., from a denser into a rarer medium, and is, in such 
circumstances, bent from the perpendicular, and travels along 
the line In every such passage through a prism it is 
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n()ticed that tho light is always bent or refracted towards the 
thick pjirt of the prism. 

Tlio cottrse of a ray of light through a prism can be foui^d by 
a simj>lo experiment. 

Expt. 172. — Stand a prism upright, that is, upon one of its 
ends, ui)on a piece of white paper. Stick two pins into the 
j)ai)or in the positions D K (Fig. 87), place two more E' D' on the 
’ ' • opposite side of the prism so that the four appear in a straight 
line when looking through the prism. Draw the outline of the 
prism ahc, and then take away tho prism and the pins and 
connect the juidioles as shown in the diagram. It will be foimd 
that the ray is bent towards the base of the prism both when it 
enters and emerges. 

Befraction through a Lens. — Most lenses are of glass with 
curved surfaces which arc portions of spheres. In some lenses 
one surface is quite plane. All lenses 
cfm be divided into two classes — convex 
or converging^ and concave or diverghig, 

(yohverging lewises can be told at once by 
their i)owor of forming an image of a 
distant object like the sun, or by that of 
magnifying. Concave lenses form no 
image in this way, and, moreover, in- 
stead of magnifying they make objects 
aj)])ear smaller when viewed through 
them. 

To understand their action upon the 
course of rays of light through them it is 
simplest to regard them as being built up 
of paits of prisms in contact, as shown in 
Fig 88, where a convex lens is built up in 
this way. A ray of light falling upon any 
one of these prisms is refracted towards its thicker part, and con- 
sequently they all convei^e towards a point, which, if the incident 
rays are parallel, is known as the principal focus of the lens, as 
F in Fig. 89. To actually find the distance of the principal focus 
away from the centre of the lens, that is, its /ocaZ length, it is 
only necessary to form an image of the sun by it on a screen and 
to measure the distance between the lens and the screen. 



Fia. 88.— Lena built up of 
parts of Frisins. 
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Befraction is accompanied by Dispersion.- In all the cases 
of refraction which have been considered the phenomena have 
been described as if all the ether-waves, which are contained in 
white sunlight, are bent equally, but this is really not so. If 
the experiments are performed as described, in every case it 
will be noticed that the image formed by the refracted ray is 
coloured round its edges. To prevent this complication, and to 
make the descriptions quite correct, we must suppose that waves 
of a given length are used, or, as it is called, monochromat'ifi 
light, such, for example, as could be obtained by burning methyl- 
ated spirit in which common salt is dissolved. 
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Fio. 89,— To show Principal Focus of a Double Convex Lens, 

The shortest, most rapid waves are bent most ; the slowest, 
longest waves are bent least. This can be very prettily seen by 
.performing an experiment which was first done by Newton ; 
improving on his method, however, by using a slit instead of a 
round hole, through which to let the light pass. 

The Analsrsisof Light by a Prism.— Expt. 173.— Allow 
sunlight to fall through a slit or hole, Fig. 90, into a darkened 
room. Just inside the room arrange a prism as shown. The 
component wave-lengths of the white light will be differently 
refracted by the prism, the rapid vibrations of the ether 
which give rise to the sensation of violet will be most bent, 
the slowest vibrations or the red waves will be bent least, and 
a band of colour, continuous between these limits and com- 
prised of the colours of the rainbow, will be formed. 
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In this experiment the light is said to bo dispersed owing to 
the different refrangihility of the various kinds of light* An 
examination of the band of colour or spectrum will show that 
one colour shades imperceptibly into the next. iR» ,thfen, 

an infinite number of waves of different lengths comprised in 
the white light from the sun, and each ray is bent to an extent 
depending on its wave-length. 

If tlie decomposed sunlight, instead of being collected on a 
screen, be passed through a second prism similarly arranged, it 
will be seen that the band is longer or the dispersion is greater. 
The amount of dispersion also depends upon the matefi^ of 
w^hich the prism is made. Glass produces a much ^eater 



amount of dispersion than water ; flint-glass possesses twice the 
dispersive power of crown glass ; carbon bisulphide, again, has 
more dispersive power even than flint-glass. 

Although a continuous band of colour is observed when sun- 
light, or limelighf, or a gtis or candle flame is seen through a 
prism, this contintlous spectrum is not always produced. If 
when substa^s Inch as sodium, strontium, and lithium, or 
their compounds, are burnt in a non-luminous flame, and ob- 
served through a prism a discontinuous spectrum is seen. Tlie 
following experiment, described by Sir Norman Lockycr, illus- 
trates this. 
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i&PT. 174. — Procure a strip of wood about 12 x 1 x ^ inch, 
and' glue a glass prism upright at one end of it. Stick a pin 
or a needle upright in the other end. Allow the needle to be 
illuminated by the flame of a spirit lamp into which salt is 
gradually allowed to fall. An orange-coloured image of the 
needle is seen. Now illuminate the needle by a candle or gas 
flame, taking care that the direct light from the candle does not 
fail upon the face -of the prism (Fig. 91). No longer is a single 



Fig. 91.— To lUuBtrate Experiment 174. 


image of the needle seen, but a complete band of colour from 
red to blue. This is produced by an innumerable multitude 
of images close together. 

A prism may thus be used, and is used, to analyse light. The 
light of incandescent sodium vapour when observed through a 
prism is characterised by the orange-coloured ray seen in the above 
experiment with common salt, which contains sodium, and the 
light emitted by other substances when burning are each dis- 
tinguished by rays of a particular colour and position in the 
spectrum. 
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Becomposition of White light— If in Expt. 173, after 
having decomposed sunlight to form a spectrum, we plfM)e a 


Fia. U2.— -Roctjnipositioii of Light by a Second IMsni. 

second similar prism after tJie first with its refracting angle 
reversed, it will be seen that the spectrum disappears, and in its 



Fig. U3.— The Colour Disc. 


place we get a white image of the slit, not opposite the slit, but 
displaced owing to the refraction produced by the prisms. But 

N 2 
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the refraction is unaccompanied by dispersion. The second 
prijto undoes the dispersive work of the first (Fig. 92). 

Or if, after the first prism, a double convex lens were«arranged 
so that the decomposed light falls upon it, it will be found that 
the dispersed light is recombined and a white image is formed 
at the principal focus of the lens. 

The Qolour Disc. — This is an arrangement of Newton’s for 
demonstrating that white light can be made by combining the 
various colours of the spectrum. 

Expt. 175. — Upon a round piece of card paint sectors of 
the different colours contained in the spectrum, arranging the 
areas of the coloured sectors as nearly as possible in the pro- 
portipn in which they occur in the spectrum. 

It^e the card upon a whirling table (Fig. 93) or upon a 
top, and rotate it rapidly, when it will be found that light 
frCkn the card gives rise to the sensation of white or gray. 


Chief Points op Chaptek XI. 

Light, like every kind of radiation, ia a form of energy. Hence 
it is a process of transference of energy by ether-waves. These 
ether-waves which affect the retina are known as light. 

Beotilinear Propagation of Light. — Light travels in straight lines 
when propagated through any one medium, but often has its 
direction changed when passing from one medium to another -(sec 
Refraction). 

Eeflection.— Light in being reflected from suitable surfaces, obeys 
the following laws : — 

(1) The reflected ray lies in the same plane as the incident ray 
and the normal. 

(2) The angle of reflection is ec£ual to the angle of incidence. 

Befleotion from Spherical Mirrors. — The centre of the sphere of 

which the mirror is a part is called the centre of ciirvature. The 
distance from this point to tlie reflecting surface is culled the radius 
of curvature. The ipoint to which all parallel rays converge after 
reflection is called the principal focus. The distance of the principal 
focus from the pole of the mirror is called the focal lenyth of the 
mirror and is equal to one half of its radius of curvature. 

Befraotion of ]^ht.— A ray of light passing from a less dense to a 
more dense medium is bent towards the perpendicular to the sepa- 
rating surface and conversely. The laws of refraction can be stated 
thus 

(1) The incident ray, the normal, and the refracted ray arc all in 
the same plane. The incident and refracted rays are on opposite 
sides of the nonnal. ^ 
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(2) If a circle l>e described about the point of incidence and per- 
pendiculars l>e dropped upon the normal, from the inters^ ctions )f 
this circle with the incident and refracted rays, the ratio of the 
lengths of these perpendiculars is constant foi any two given 
media. 

Befraotion by a Prism. — The deviation of a beam of light caused 
by the action of a prism depends upon (a) the angle of the prism, 
{h) its material, (c) the thickness of it traversed, (d) the length of 
the ether- w’aves. 

Befraction through a Lens. — Most lenses are of glass with curved 
•surfaces whitjli arc portions of spheres. They can be divided into 
convex or converging and concave or diverging lenses The point 
to whicli parallel i‘ays after refraction converge, or appear to diverge, 
is called the prinri/la/ focuti. 

Analysis of Light by a Prism.— The points to be remembered in 
connection with this are : — 

(1) 1’liat if a beam of monochromatic light, that is, light of one 
W’ave length, traverses a prism, it is bent out of its original direction, 
but the amount of bending produced by any particular prism depends 
upcui the coloui’ of the beam used, being greatest for violet light and 
least for red light. 

(2) That if light from any source pass through a prism, it is broken 
up or analysed into its dillerent components, each ray of elementary 
colour that enters into the composition of the light being bent by a 
different amount. 

(3) Tliat if a beam of white liglit from a slit pass through a prism, 
it emerges as a coloured strip, termed a b 2 )ectnim» 


A beam of wdiite light. 


/ When \ 

/it traversesX 
/ a prism is \ 
broken np into ^ 


Red 

Orange 

Yellow 

Green 

Blue 

Indigo 

Violet 


White light can, therefore, like a chemical compound, be broken 
up into simpler elements. 

Becomposition of Light— The Colour Disc.— The analysis of white 
lijght is noted above ; the synthesis, or recomposition, can be 
effected — 

(1) By making the coloured band or spectrum, prmluced when 
light has passed through one prism, traverse a second prism having 
its refracting angle reversed. 

(2) By routing a dise of cardboard painted in segments of violet, 
blue, green, yellow, oiinge, and red. 
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Questions on Chapter XI. 

• 

1. How could you show that light travels in straight lines ? 

2. Describe experiments to illustrate the characteristics of trans- 
verse and longitudinal waves. 

3. State the laws of the reflection of light. 

4. In what direction is a beam of light deviated when it passes 
from a less dense to a more dense medium ? 

. 5. Name some common phenomena proriuced by the refraction of- 
light. 

6. Di'uw a trijingle to represent a section of a prism and show how 
a beam of light is bent by passing through the prism. 

' 7. State how light can be experimentally analysed by a prism. 

8. How would you prove that white light is composed of several 
colours, and how can these colours be combined by experiment to 
form white light ? 

9. Explain the statement Light is a form of energy.” 

10. Describe a simple experiment to prove the laws of reflection. 

11. *What experiment could you perform to explain such every- 
day phenomena as the shallow appearance of a brook, and the 
apparent bending of a stick which is slantingly plunged into 
water ? 

12. Explain the terms priticipcd focus and radius of curmture as 
applied to a spherical mirror. 

13. Describe some commonly obsei 7ed effects of the refraction of 
light, 

14. What is meant by the Dispersion of Light ? On what fact 
does it depend ? 

15. Explain the term rcfraugibiliiy as applie<l to a ray of light. 
Are rays of all colours equally refrangible ? 

16. A bright bead is placed at the bottom of a basin of wat^T) 
and a person stands in such a position that he caTi see it over the 
edge of the basin. While he is looking, the water is drawm off. 
How will this affect his view ? Draw a diagram showing the direction 
of a ray of light passing from the bead through the water and the 
air in each case. 

17. How can it be proved that : — 

(a) White light is a mixture of many colours, {h) Different colours 
have different degrees of refrangibility. 

18. A room is lighted by one small window which can be completely 
covered by a screen of dark red gloss, or by one of blue glass, or 
by both put together. In the room is a stick of sealing-wax, a piece 
of blue ribbon and a lily. What colour does each of these things 
appear when (a) the red screen covers the window, {b) the blue screen 
covers the window, (r) when both screens cover the window ? 

19. Explain why if a sheet of paper be placed behind a pin-hole 
in a thick sheet of cai’dboard, an image of a brilliantly illuminated 
object on the other side of the cardboard will be formed on the paper. 
Why is the image fainter, but more clearly defined if the pin-hole is 
very small ? 
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20. A thick layer of a transoarent liquhJ floats on the surface of 
water. Trace the course of a ray of light from an object immersed 
in the water thi ough the floating liquid to the air. 

21. Describe and explain the effects observed wher cards co^ >uied 
bright red, green, and blue respectively are passed from the red to 
the blue end of the spectrum. 

22. Describe an arrangement by means of which a spectrnn may 
be formed upon a screen. 

If the light is made to fall upon a piece of red glass before reach- 
ing the screen, how and why will the spectiiim be affected ? What 
would the effect have been if blue glass had been used ? 



CHAPTER XII 

THE CONSTllUCTION OF SIMPLE VOLTAIC CELLS 

The facts to bo described in this chapter and the next refer to 
the production of electric currents by means of simple vtdtaic 
cclls,i»and tf) chemical changes which such electric cun^ents are 
able to produce. In order to obtain a clear idea of the use 
of the various materials employed in tlie construction of voltaic 
cells, and the chemical clibets to which electric currents are able 
to give rise, it is necessary to know something about the principles 
of chemistry. This chaiiterand tb ^ following one will, therefore, 
be more profitably read if they are taken after the section on 
chemistry than if they are studied at this stage. 

Fundamental Experiments.— Exit. 176.— Prepare 
dilute sulphuric acid containing one jjart of strong acid 16 
eight parts of water. First measure out the water into a large 
beaker, and then gently pour the measured <|uantity of strong 
acid into the water, keeping the latter briskly stirred with a 
glass stirring rod. Having noticed the largo amount of heat 
generated set the mixture on one side to cool. 

Expt. 177. — Plunge a strip of ordinary commercial zinc into 
a beaker of cold dilute sulphuric acid prepared as in the last 
experiment. Notice the brisk evolution of gas which feikes 
place. What gas is given off ? (#Sie?e p. 189.) 

Expt. 178,— Repeat Expt. 177, substituting first a rod of 
pure zinc and then a strip of copper. Observe that there is 
no chemical action (p. 189) in either case. 

Expt. 179.— Place the rod of pure zinc and the strip of 
copper into the dilute md, taking care that the two metals 
do not touch one another. No gas is given off from either 
metal. 
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Expt. 180. — Now tilt thu pieces of metal towards one another 
until they touch outside the liquid, or connect them with a 
wire as in Fig. 94. Observe that bubbles of gas a]:^ear on 
the copper plate. 

Exit. 181. — Take the pieces of 
co])per and zinc in the last experi- 
nieiit out of the acid, wash them 
under the tap, and carefully dry them 
on clean blotting paper. Weigh both 
pieces of metivl and record their 
weights thus : — 

AVeight of rod of pure zinc - ^ grams. 

Weight of strip of copper — grams. 

Now replace them in the dilute acid 
and make tliem touch outside the liquid, or connect them by 
a piece of copi>cr -wire, and allow the action which ensues to 
continue for ten or fifteen mjmutes. Then remove them from 
the acid and wash, dry and weigh them as before. Record 
your result beneath the lasfe entjry thus ; — 

After 15 i^inutcs’ action. 

Weight of zinc rod — grams 

Weight of copper stri 2 > — grams. 

Notice that while the zinc has diminished in weight the weight 
of the coiiper has remained unaltered. 

Exit. 182. — Prepare a jdatc of amalgamated zinc by dip 2 )ing 
a plate of ordinary commercial zinc into dilute sulphuric acid, 
and after it has been ikcted ujjon for a minute or two rub some 
mercury completely over its surface with a piece of cloth. 
Repeat Exjjt. 178, and observe that amalgamated zinc behaves 
just like jmre zinc, ^ 

Properties of tM^ire connf cting the Plates of Copper 
and Zinc. — Expt. — Into some dilute sulphuric acid con- 

tained in a beaker 2 )l|^e a plate of amalgamated zinc and one 
of copper, to each dt w'hich a copper wire is attached by a 
suitable binding screw. There is no chemical action until the 
free ends of the wires are joined, when, as before, bubbles of 
gas are seen to collect on the copper plate. 

Exit. 184. —Procure an ordinary compass needle, which 
consists of a light magnet, suitably supported at its middle 
point, so that it can move freely in a horizontal plane. Bring 



Fia. f>4.— To illustrate Ex- 
periiaonts 170 and 180. 
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this up and try and arrange matters so that the wire of Expt. 
183 in connection with the copper and zinc plates is parallel to 
the magnet when the latter is pointing north and south (Fig. 
96). Notice that this is impossible. The wire exerts somG 
sort of power on the needle. 



Expt. 185. — Wind the wire which is connected with the 
copper and zinc plates round a pioce of soft iron, as in Fig. 
96. Notice that the piece of soft iron will attract iron filings. 





Expt. 186. — Repeat Expt. 184, and notice that after a time 
the power which the wire exerts over the magnetic needle 
becomes feebler, and by and by ceases. Rub the copper plate 
with a piece of wood until all the bubbles of gas which had 
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collected have disappeared, and notice that the power of the 

wire to deflect the magnetic needle is regained. 

What the Experiments Teach. -The student should have 
no difticulty in understanding now that a wire which connects a 
strip of zinc and a strip of copper, which are dipping into dilute 
sulphuric acid, has new properties. It is in a difl'erent condition 
from an ordinary piece of such wire. Its new condition is 
described by saying that an electric cmrent is passing, ai^ig it. 
The arrangement is, in fact, a means of developing* an electric 
current, and is called a voltaic cell. 

Moreover, the use of such words as “ flow ” and current ” 
will probably suggest i)reviou8 facts which the reader has learnt. 
He has seen that a flow of heat takes place from a body of high 
temperature to one of h)w temperature when they are placed in 
contact, and that such flow continues until both bodies are of 
the same temperature. 

Similarly, there is a flow of water from one vessel to another, 
which are in connection, if the level of the water in one vessel 
is higher than in the other.‘ Hence wo are face to face with the 
question, What difference is there between the copper and the 
zinc which causes the condition of things called the electric 
current ? Tlie name given to the difference of condition in the 
copper and zinc which corresponds to temperature and water- 
level is difference of potential. The electric current continues 
to flow along the copper wire until the potential of the two 
plates becomes the same, when it ceases. This is the state of 
affairs after the bubbles of the gas, hydrogen, have collected 
on the copper plate. 

The electrical condition of the plates of copper and zinc 
becomes altered by placing them in the sulphuric acid, but the 
final state is different the two cases. The copper plate is at 
a higher potential than:^e zinc plate, and, consequently, when 
the plates are joined ouinide the liquid by a copper wire there is 
a flow of the electric current from the co}yper to the zinc. The 
difference of potential which causes the flow is maintained by 
the solution of the zinc in the acid. Or, speaking in terms of 
energy (Chap. IX.), the work of maintaining the current is per- 
formed by the solution of the zinc. This is similar to the 
maintenance of the work done by a steam-engine by the burning 
of the coal in the furnace. It was for this reason that we found 
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the zinc weighed less in Expt. 181, after the electric current 
had flowed for some time along the joined wires. 

It is customary to give the name electro*inotive force to the 
difference of potential which we have seen exists between the plates 
of copper and zinc. As the student will learn when he continues 
his study of the electric current, this difference of i)otential, or 
electro-motive force, can be measured by means of an instrument 
devised by Lord Kelvin, called the Quadrant Electrometer.^ 
But thei^h tlH^ term electro-motive force is used to speak of 
this difference of potentifil, it is not a force in the sense in which 
the word was used in Chapter V. A force is that which causes 
motion in matter, but an electro-motive force results only in a 
motion of electricity, which is not matter at all. 

Voltaic Cells . — The simplest arrangement for developing an 
electric current by means of chemical action has been now de- 
scribed, but there are many others which are much better. They 
are all called “voltaic” cells after the name of the i)liysicist Volta, 
who was the first to develop an electric current by chemiewd means. 

To be of any practical value the voltaic cell must not cease in a 
short time to give a current as tho^ simple device adopted in 
Expt. 186 did, as soon as bubbles gas had collected over the 
copper plates. Some means have to be ttiken to prevent this 
stopping of the current by the btflbbles of hydrogen, or, as it is 
called, the polarisation of the cell. 

Polarisation is prevented in two ways : (1) by mechanical, (2) 
by chemical moans. 

Prevention of Polarisation by Mechanical Means.— Smee’s 
Cell. — Smeo substituted a plate of silver on which platinum had 
been deposited, that is, a plate of platinised silver^ for the copper 
plate in Volta’s simple cell. The platinum on the silver plate 
causes it to be very rough, with the sesult that there is a con- 
tinual tendency for the bubbles of gas to rise from the points of 
roughness, up through the liquid, and to escape at the surface. 

In other patterns of cell a mechanical device for keeping the 
liquid stirred near the copper plate is adopted, the agitation of 
the liquid being quite enough to prevent the collection of gas 
bubbles. 

Chemical Changi^ in a Simple Cell.— To understand clearly 
the principle of the construction of cells in which the difficulty of 
polarisation is got over by chemical means, it will be necessary to 
1 See Prof. 8. P, Thompson’s Slectrkity and Magnetimt p. 272. 
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explain the chemical changes occurring in the simple cell already 
described. The facts we have leamt are — iirst, that the zinc gradu- 
ally disselves in the acid, and second, bubbles of hydrogt a con- 
tinually collect on the copper plate. Since we h"ve prove d by 
experiment that dilute sulphuric acid has no action on copper, it is 
evident that though the bubbles of hydrogen collect on the copper 
}>lato they were not turned out of the sulphuric acid by the copper. 
As we shall learn in the chemical section of this book, the 
•chemical change which takes place when ordinary cofhmercial zinc 
is placed in 8ulj)huric acid can be represented by ^n equation : — 

When Sulphuric Acid Zinc 

upon have Sulphate 

and Hydrogen 

or more shortly by chemical symbols, 

H 2 S 04 -|-Zn=ZnS 04 + H2. 

The hydrogen is, then, reiilly first liberated near the piece of zinc, 
and it is supposed that at the moment of its liberation it breaks 
up the adjoining molecule of sulphuric acid, taking the place of 
the hydrogen therein, and turning out that which was already com- 
bined with the other elements in the molecule of sulphuric acid. 

This can be shown a little more clearly, perhaps, by using 
the symbol H' for the hydrogen first turned out by the zinc, and 
f# that in the neighbouring molecule of sulphuric acid of 
which we have sjxjken. Then the interchange of hydrogen in this 
molecule of sulphuric acid can be expressed by an equation : — 

H"2S04+ H'2=H'2S044-H''2. 

This interchange of the hydrogen goes on right through the 
liquid until the copper plate is reached. We have the same 
reaction going on an almost infinite number of times : — 

H'"2S04 -I- H"2= H"2S04 + H'"2 

until finally there is no longer a molecule of sulphuric acid to be 
decomposed, and the froe hydrogen is deposited on the copper 
plate. It is customary to represent the state of affairs in the cell 
graphically, and since it is very important that a proper concep- 
tion of the continuous decomposition of sulphuric acid molecules 
should be formed, we also give this method, as it may help 
some readers better than the previous plant. In the illustration 
(Fig. 97) the second row of oval figures, stretching between the 
zinc and copper plates, A and B respectively, is to represent the 
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condition of the molecules of the acid before the plates are 
joined by a wire. The shaded part of each figure represents 
the hydrogen in the molecule, and the unshaded i)ortion«the group 



Fia. 97.~-Tho passago of an Electric Current in a Simple Cell. 


of elements, SO4, which complete the constitution of the sulphfork 
acid molecule. The third row shows the result of the series of 
decompositions which take place when the plates are joined by a 
wire. At the zinc plate A zinc sulphate is shown fonned, and at 
the copper plate B free hydrogen is represented.^ 


i The student must, however, in view of more recent work on the subject, avoid 
.picturing the process us taking place with the regularity indicated in the above 
explanation and in Fig. 97. It is now believed, ^at most probably, the solution ■ 
of acid contains not only U2SO4 molecules, but ulso uiicombiued hydr^eu atoms 
(or as we shall learn to call them iowi) and uiicombined 8O4 groups. These ions 
are thought to be electrically charged, those of hydrogen positively and the BO4 
groups negatively. Consequently, whenever these separate ions combine, the result- 
ing U>jS04 molecule is electrically neutral. Each molecule of H2HO4 is being con- 
stantly decomposed into its ions, and these separated Ions are constantly recom- 
bining in other cases to form new H2BO4. The net result of these decompositions 
and recompositions is that the ratio of decomposed to undecomposed molecules 
remains constant. The result of the union of the sine with the negatively electri- 
fied 8O4 ions is to leave it negatively electrified. The preponderance of positively 
electrified hydrogen ions in tlie liquid causes it to be positively electrified. Or, 
using the word “ potential,” which the stiident has learnt, the zinc is left at a 
lower potential than the liquid. But i^e zinc is in metaUic connection with the 
copper, which must also be at a lower potential than the liquid. The positively 
electrified hydrogen ions hence tmvel towards the copper plate, where giving 
up their positive charges they escape as gaseoui hydrogen. By this means the 
current is maintained. 

We should, perhaps, be more accurate if we regarded the nerative electrification 
of the zinc as due, not to the union with it of the negative 8O4 ions, but to the 
departure from it, into the solution, of positlys zinc ions. 
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Prevention of Polarisation by Cheiaical Means— 1. DaadeU's 
Cell. — The depoidtion of copper instead of kydroyen. In most of 
the cells# in wliich polarisation is prevented by chemioai means 
there are really two cells, the one placed inside the otlier. The 
inner one is made of some porous kind of earthenware which 
permits a slow passage through it of the liijuids on either side of 
it. In Daniell’s cell the outer vessel is of copper and serves as 
the copper plate. The outer vessel contains a solution of copper 
•sulphate (blue vitriol), the strength of which is maintained by 
placing some crystals of the same substance on a tray, wdiich 
extends round the top of the inside of the copper vessel (Eig. 98). 
The inner porous pot contains dilute 
sulphuric acid into which dips a rod of 
amalgamated zinc. 

The chemical action, on which the 
production of the electric current de- 
pends, begins in the neighbourhood of 
the zinc rod, and is of precisely the 
same nature as that which has been 
seen to occur in a simple voltaic cell. 

There is a simultaneous production of 
zinc sulphate and free hydrogen. This 
hydrogen similarly decomposing the 
neighbouring molecule of sulphuric 
acid results in the liberation of more hydrogen, this action being 
reproduced throughout the row of sulphuric acid molecules 
between the zinc rod and the porous vessel. The free hydrogen 
which is there formed, and which would in the simple voltaic 
cell be deposited on the copper plate, passes through the pores 
of the earthenware partition and comes into contact with the 
copper sulphate solution. A chemical reaction ensues. The 
hydrogen, being just liberated from combination, is in a parti- 
cularly active state, known as the nascent condition, and is under 
these circumstances able to effect the decomposition of the copper 
sulphate. We can represent the change which follows thus : — 



Fio. 98.— Daniell’s Cell. 


The free Hydrogen 


acts Copper 
upon the Sulphate 


Sulphuric 

Acid 


and Copper. 


decomposing 
it to form 


The same reaction is more shortly expressed by a chemical 
equation : — 


H 2 +CuS 04 «Hj 5 S 04 +Cu. 
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The free copper must now be supposed to act upon the neigh- 
bouring molecule of copper sulphate decomposing it, forming 
copper sulphate, which contains the same proportions of the 
constituent elements of course, but not the ideiiticiil atoms. 
Just as in the case of the sulphuric acid in the inner cell, so here 
in the outer, there is a series of decompositions and recomposi- 
tions, with the final result that there is eventually a dcj)osit of 
free copper formed upon the inside of the copper vessel, but no 
hydrogen bubbles. 

The cell continues to develop an electric current at the exj)cnse 
of the zinc, which is gradually dissolved. Throughout the passage 
of the electric current round the wire joining the zinc rod and the 
copper vessel, there is a continuous deposition of metallic copper 
on the inside of the copper vessel, which consequently gets heavier 
and heavier. 

This form of cell does not give a ve^ strong current, but the 
grea^ advantage about it is that the strength of the current is 
very uniform. It is largely used by the Post Office authorities 
for telegraphic purposes. 

2. Bunsen’s and Qrove's Cells. — TJie hydrogen is got rid of 

by oxidation. The only difference between these two kinds of 
voltaic cells is that, whereas, in tL3 former a piece of gas c;irbon 
replaces the copper plate, in the latter there is a jdate of plati- 
num. Owing to the cheapness of gas carbon Bunsen’s cell is the 
most commonly used. 

In Bunsen’s cell there are two earthenware vessels, the inner 
smaller one is porous and is filled with strong nitric acid, into 
which the piece of gas coke C dips. The 
outer vessel contains dilute 8u!|»huric 
acid, and in it is placed the zinc plate Z, 
which is usually made cylindrical in 
shape. The arrangement of the parts 
is easily understood by a reference to 
Pig 99. 

The chemical action begins at the 
zinc plate and the result of it is that, 
as in Daniell’s cell, free hydrogen jjasses 
through the porous vessel and comes 
into contact with the strong nitric acid 
contained in it. Nitric acid is remark- 
able for the lar^e quantity of oxygen it contains and for the ease 
with which it parts with it. It is hence known as an oxidising 



Fia. 99.— Bunson's CelL 
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agent. Conaoquently, when the fi*ee hydi ogen comes into contact 
with the nitric acid the chemical change which occurs is that the 
nitric acid gives up some of its oxygen, and this combines with 
the free hydrogen to form water ; or, as it is comraciily expressed, 
the Jiydrogen is oxidised to water by the oxygen oi the nitric 
acid, which is itself redmed^ first to nitrous acid and eventually 
to the lower oxides of nitrogen. Thus is tlie free hydrogen got 
rid of. 

Leclanch^’s Cell. — Tliis cell (Fig. 100), which we shall describe 
becjiuse of its familiar use in houses for working electric bells, is 
different in two or three respects from 
those wdiicli have already been dealt with. 

There is no acid used in it. The Ibjuid 
whicli acts ujion the zinc plate Z is a 
solution in water of a salt called ammonium 
chloride or ssil-ammoniac. The result of 
the chemical changes whicli take place 
when the liquid acts upon the zinc is that 
a compound known as a double chloride 
of zinc and ammonium is formed, and two 
gases, ammonia and hydrogen, are evolved. 

To get rid of the hydrogen the positive 
pole C of the cell, which is made of 
carbon, is surrounded with black oxide 
of manganese, a compound rich in oxygen. 

The carbon plate and the fragments surrounding it are enclosed 
in a porous jiot P, like that of the Daniell’s cell. The hy- 
drogen wdiich it is neceswiry to get rid of combines with some of 
the oxygen of the manganese compound and is changed into 
water, while the manganese compound is gradually reduced. 

Positive and Negative Poles. — In each one of the cells 
which has been described the chemical action in the cell has started 
at the zinc plate, and has proceeded from molecule to molecule 
throughout the liquid until the copper plate, or its equivalent, 
has been reached. The plate where the chemical action begins, 
and the electric current starts in the liquid, is called the 
negative (-) pole. The plate where the chemical action in 
the cell is completed and where the current starts ontinde the 
liquid is called the positive ( + ) pole. These terms are easily 
understood by reference to Fig. 94, which represents a closed 
circuit, as it is called. If the wires from the two plates are 

o 



Fia. 100.--Leclanch6’B 
CuU. 
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unconnected the current is said to be open, and no electric 
current circulates. 

Work done by the Current. —The only work v^hich the 
electric circuit performs in a closed circuit, such as is shown 
in Fig. 94, is of a useless kind, for it is completely used up in 
warming the connecting wire and the liquid. 

Expt. 187. — Connect the wires from the carbon and zinc 
j)o1g 8 of a Bunsen’s battery to the ends of a thin piece of 
platinum wire. Notice that when the circuit is closed the 
platinum wire becomes red hot. 

But there are many kinds of useful work which such a cun^ent 
can perform. 

Expt. 188. — Fit up a Bunsen’s cell, taking care that there is 
a bright metallic connection at each binding screw. Join the 
wires from the carbon and zinc poles respectively to the two 
binding screws of an electric bell. Notice the ringing. 

Expt. 189. — Similarly attjichthe wires to the binding screws 
of an electro-magnet. Notice (a) its lifting power, by attach- 



Fig. 101.— An Blectro-Magnot with Armature. 

ing gradually increasing weights to the hook of the armature ; 
(h) remove the armature, support the electro-magnet vertically, 
with the poles or ends of the magnet upwards, and place a 
sheet of cardboard, or a plate of glass, on them. Sprinkle 
fine iron filings evenly over the cardboard or glass, gently 
tap the latter, and notice their arrangement in lines, which 
proceed radially from the poles, and which are called lines of 
force (Fig. 102). 
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Expt. IJK). — Dip the free eniln of the wires into some very 
dilute sulphuric acid, contained in a beaker, and notice that 
bubble^ of gas ai'e formed on each wire. 



Fia, 102. — Twines of Force shown by arrangcmoi>t f>f Iron \ipon a Glaei 

Plrtto lying- ujkjh the poles of an Electro-Magnet. 


CriiEF Points of Chapter XII. 

Fundamental Facts. — ( 1 ) Commercial zinc is acted upon by dilute 
sulphuric acid with evolution of hydrogen. <2) There is no such 
action when pure zinc or amalgamated zinc is used. (3) If strips of 
pure or amalgamated zinc and copper be placed in dilute sulphuric 
acid and the metals connected outside the liquid by a copper wire, 
the zinc is acted upon and hydrogen bubbles appear on the copper 
strip. 

Properties of the Connecting Copper Wire. — (1) The wire deflects 
a magnetic needle placed under it. (2) The wire attracts iron filings. 

(3) After a time the magnetic power of the wire becomes feebler. 

(4) If the wires from the copper and zinc plates be dipped into 
acidulated water, instead of being joined, bubbles of gas appear on 
the ends of each wire. 

Potential.-— The electric cutyeht Jtosses along the wire because of 
the difference of potential- between W ends. The end of the wire in 
connection with tlie copper plate is at a higher potential than 
that joined to the zinc plate. Potential is analogous to water-level 
and temperature. 

Electro-motive Force. — Since electric currents flow from places of 
high potential to places of low potential, and the strength of the 
current is directly proportional to the difference of potential between 
the places, it is customary to speak of this diiference of potential as 
electro-motive force. Electro-motive force can be directly measured 
with a Quadrant Electrometer. 

Simple Voltaic Cell. — The arrangement of a plate of pure or amal- 
gamated zinc and one of copper in dilute sulphuric acid constitutes 
a simple voltaic cell. The hydrogen whicli collects on the copper 
plate soon stops the flow of the current. This effect is called polari- 
sation. 

o 2 


196 


ELEMENTARY GENERAL SCIENCE 


CHAV. 


Voltaic Cells in which Polarisation is prevented. By mechani- 
cal means. Smee’s Cell. — A platinised silver plate is substituted for 
the copper one. Owing to the roughness of such a plate the hydrogen 
bubbles stream off it. * 

(6) By chemical means. Daniell’s Cell. — The hydrogen, instead of 
being allowed to collect, is made to act upon a solution of copper 
sulphate whicdi it decomposes, forming sulphuric acid with it and 
liberating metallic copper. This copper being deposited on the 
copper plate does not interfere with tnc passage of the current. 

Bunsen’s and Grove’s Cells. — Here the hydrogen is got rid of by 
oxidation. This is eflfected by causing it to come in contact with 
strong nitric acid, which being ricli in oxygen, clianges the hydrogen 
into water, or oxidises it. The nitric acid is itself red //rrd,* first to 
nitrous a(jid and eventually to oxides of nitrogen. In Bunsen’s cell 
a block of gas carbon takes the place of the copper jdate of the 
simple voltaic cell, and in Grove’s a plate of platinum. 

Leolanch4’s Cell is the one commonly used in houses for ringing 
electric bells. The litmid used is a solution of ammonium chloride. 
The hydrogen formed hy tlie action of the licpiid on the zinc plate 
is got rid of by causing it to combine with oxygen from black oxide 
of^anganese which surrounds the carbon pole. 

Positive and Negative Poles. Tlie neynttce ( - ) pole is usually of 
zinc and is the one where chemical action begins and consecpieiitly 
where the electric current starts in the li(piid. 

The positim ( + ) pole is the plate where the chemical action Is 
completed and where the current starts outside the liquid. 


Questions on CiiArTER XII. 

1. What happens under the following circumstances : — 

(а) A piece of commercial zinc is plunged into dilute sulphuric 
acid. 

(б) Pure zinc is treated as in (a). 

(c) Pieces of amalgamated zinc ahd ordinary copper are placed 
parallel to one another in dilute aCid and connectecl by a 
copper wire outside the J| au id. ^ 

2. Before fitting up a simpla«taiC cell both plates are accurately 
weighed. They are weighed a^Bn after the current has passed for 
ten minutes. What differences will be noticed and how would you 
account for them ? 

3. What properties do you associate with the wire coimecting the 
plates' of a simple voltaic cell ? 

4. Explain as fully as you can what is meant by potential. State by 
the use of this term how it is that an electric current passes round a 
closed circuit. 

5. It Is noticed that after a short time the strength of the electric 
current from a simple voltaic cell becomes very much diminished. 
How do you account for this ? 

6. Explain what is meant by the pdarisatiim of a cell. What 
devices are employed to get rid of polarisation ? 
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7. Give a description of the voltaic cells named after the followiiig 
physicists 

(а) Daniell. ic) Bimscn. 

(б) Grove. [d) Leclancii^. 

8. What chemical changes occur in a simple voltaic cell ? 

9. What is the object of the nitric acid in a Grove's cell ? 

10. Sketch the chemical changes which occur between the zinc 
and copper plates in a UanielPs cell. 

1 1 . Compare the flow of an electric current with the passage of 
• beat from a hot to a cold lx)dy. 

•12. Describe experiments to show that the electric current can do 
w'ork. 



CHAPTER XIIT 

CHEMICAL CHANGE INDUCED BY THE ELECTEIC CUERENT 

How the Passage of an Electric Current can be recognised. 
The Oalvanoscope. — Before proceeding to study the chcjnical 
changes induced by an electric cuiTont it is very desirable that 
a method should be learnt })y means of which the jKissage of a 
current of electricity through a circuit can easily l)e perceived. 
Expt. 191 provides such a means, and if it be modified somewhat 
we are in possession of a sure plan of recognising even small 
currents. 

Expt. 191. — Instead of a single wire such as was used 
in Expt. 184, substitute an ammgement like that shown in 

Fig. 10;i, where a light magnetic 
needle hangs inside a coil of 
wire. The effect of coiling the 
wire is, roughly, to multijdy 
the effept jpf the single wire liy 
.'tire nuiul^ of turns there is in 
the coil, .^onnect the ends of 
the coil with a co])por and an 
amalgamated zinc plate and dip 
the plates into dilute sulphuric 
acid. Compare the effect on the 
needle in this case with that 
obtained by pcissing the current 
along a single wire. 

Expt. 192.— Substitute an astatic pair for the single mag- 
netic needle in the hist experiment. The astatic pair consists 
of two equally strong magnets arranged parallel to one 
another, with ojiposite poles in the same direction, and per- 



PiQ. 103.— A Gjilvanoacopo. 
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manently joined together by a suitable connection such as 
copper wire. Notice that in whatever direction the astatic 
pair i)(Jints there is no dispodtion for it to change this 
direction ; whereas the single magnetic needle, will only rest 
in one direction, called the magnetic meridian. Of course, if 
one of the needles is magnetically stronger than the other 
they will not exactly counterbalance one another. 

Expt. 193. — Arrange the astatic pair and a coil of wire as 
,in Fig. 106. Notice that a very slight current, such as that 



Fig. 104.— An Astatic Pair of Mag- Pig. 105,— An Aatatic 

netic Noodles. Galvanoscopc. 


obtained by dipping a brass pin and a steel needle into dilute 
sulphuric acid, is enough to cause a deflection of the needle. 

The Passage of the Electric Current through Liauids.— 

Expt. 194. — Fit up a Bunsen’s cell for the generation of an 
electric cunent. Attach pieces of platinum foil, by means of 
suitable binding screws, to the ends of two copper wires. 
Attach one of these wires to one pole of the battery. Connect 
the other pole to one of the binding screws of a simple galva- 
noscope, and to the other screw of the g^dvanoscope attach 
the remaining wi^ with the platinum plate on the end (see 
Fig. 107). Dip the platinum plates — Ist, into some mercury, 
and notice there is a great deflection of the needle of the 
galvanoscope and no alteration of the mercury ; 2nd, into 
some turpentine, and notice there is no deflection of the 
needle ; 3rd, into some acidulated water, and notice there is a 
smaller deflection thjin in the first case, and at the same time 
there are bubbles of gas given off from both platinum plates. 

Ist Case. Passage of the Current throiofh Mercury . — The 
student will shortly loam (Chap. XIV) that mercury is one of 
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the chemical elements, and that it is so regarded because it can 
neither be decomposed by the passage of an electric current nor 
by any other known methods. The great deflection of the 
needle of the galvtmoscope reveals the fact that a considerable 
current passes through its coil of wire, hence we say that mercury 
is a good conductor of the electric current, or expressing the 
same truth in other words, that it offers very little resistance to 
the flow of the current. 

Similarly, it would be found that other metals, when in the 
liquid condition, which they can assume if the temperjiture is 
raised sufficiently, are also good conductors of the electric 
current. 

2iid Case. Pmmge of the Oorrent ihromjh Turpentine. — There 
is in this case no deflection of the needle f)f the galvanoscope ; 
it is therefore evident that no current passes through the coil 
of yite round the needle, and since the battei’y is arranged 
precisely as in the previous experiment with the mercury, the 
explanation must be that the turpentine prevents the flow of 
the electric current round the circuit. Turpentine is conse- 
quently known as a non*COnductor, a class of bodies w^hich also 
includes such liquids petroleum and other oils. 

ibd Case, Passage of the Cmrent th'ough Acichdaied Water . — 
Here we have the current conducted and the lic^uid decomposed 
by the passage of the current. This is the condition of things 
in all Ikiuid compounds which conduct the electric current. 
Such a decomposition as this is known as electrolysis, and we 
shall have to study this case more fully. 

Electrolysis of Water. — Pure water is a very bid conductor 
of the electric current, and hence, as in Expt. 245, it is necessary 
to add a drop or two of acid to make it conduct. To understand 
exactly the result of the passage of the electric curi’ent, some 
means must be devised by which the gases which appear at the 
platinum ])lates can be collected. Such an amingoment con- 
stitutes what is known as a voltameter. [This piece of apparatus 
will be again referred to later on (Chap. XVI).] A convenient 
pattern to use for the decomposition of water consists (Fig. 106) of 
a glass vessel in the bottom of which are fixed two slips of 
platinum connected, by means of copper wires, with two binding 
screws. Before connecting the binding screws with the poles of a 
battery, acidulated water is poured into the vessel and two glass 
tubes, of exactly equal size and carefully divided into equal 
volumes by divisions etched on the glass, are completely filled 
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with acidulated water and inverted over the platinuin pUtea, 
as shown in the illustration. When the binding sorews are 
connectAl with the poles of a battery, consisting of two oi three 
Bunsen’s cells, bubbles of gas are immediately seei* to appe ar on 
the platinum plates, and in a few minutes it vill be observed 



Fig. 106.— ElectrolyBis of Water. 


tlmt a ({uantity of g;is has collected in each tube. If we allow 
thc! electric current to pass round the circuit for 15 or 20 minutes 
and tlieii meiisure the volume of the gas which has collected in 
each tube, it will be found that the tube over the platinum 
plate which is connected with the zinc pole of the battery con- 
tains twdee as much gas as that over the plate connected with the 
carbon pole. Moreover, if the bottom of the tube containing 
the lai'ger amount of gas be covered with the thumb and the 
tube be lifted out of thc liquid, inverted, and a light applied to 
the gas, it will be found to bum, showing it to be hydrogen 
(Chap. XVI). Similarly, if a glowing splinter of wood be 
plunged into the other gas it will bo rekindled, showing it to b’ 
oxygen. Hence we see that the passage of a sufficiently stroi 
electric current through water causes it to be decomposed b 
hydrogen and oxygen, and that twice as much hydrogen 
volume as oxygen is formed. Or, 


is decomposed by the Hydeooen 
electric current into . [2 vols.] 


and 


Ox 

[1 
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the chemical elements, and that it is so regarded because it can 
neither be decomposed by the passage of an electric current nor 
by any other known methods. The great deflecti6n of the 
needle of the galvanoscope reveals the fact that a considerable 
current passes through its coil of wire, hence we say that mercury 
is a good conductor of the electric current, or expressing the 
same truth in other words, that it offers very little resistance to 
the flow of the current. 

Similarly, it would be found that other metals, when in the 
liquid condition, which they can assume if the tempemture is 
raised sufficiently, are also good conductors of the electric 
current. 

2nd Case. Fassarje of the Owrrmt throiajh Turpentine.- There 
is in this case no deflection of the needle of the galvanoscope ; 
it is therefore evident that no current passes tlirough the coil 
of wire round the needle, and since the battery is arranged 
precisely as in the previous experiment with the mercury, the 
explanation must be that the turpentine prevents the flow of 
the electric current round the circuit. Turpentine is conse- 
quently known as a non-COnductor, a class of bodies which also 
includes such li()uids }is petroleun. and other oils. 

*Srd Case. Passage of the Current through Acidulated Water . — 
Here wo have the current conducted and the liquid decomposed 
by the passage of the current. This is the condition of things 
in all lic^uid compounds which conduct the electric current. 
Such a decomposition as this is known as electrolysis, and wo 
shall have to study this ciise more fully. 

Electrolysis of Water. — Pure water is a very bad conductor 
of the electric current, and hence, as in Expt. 245, it is necessary 
to add a drop or two of acid to make it conduct. To understand 
exactly the result of the passage of the electric current, some 
means must be devised by which the gases whicli appear at the 
platinum plates can be collected. Such an arrangement con- 
stitutes what is known as a voltameter. [This piece of apparatus 
will be again referred to later on (Chap. XVI).] A convenient 
pattern to use for the decomposition of water consists (Fig. 106) of 
a glass vessel in the bottom of which are fixed two slips of 
platinum connected, by means of copper wires, with two binding 
screws. Before connecting the binding screws witJi the poles of a 
battery, acidulated water is poured into the vessel and two glass 
tubes, of exactly equal size and carefully divided into equal 
volumes by divisions etched on the glass, are completely filled 
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with acidulated water and inverted over the platinum plates, 
as shown in the illustration. When the binding screws are 
connected with the poles of a battery, consisting of two or three 
Bimseii’s cells, bubbles of gas are immediately seeu to ajipear on 
the platinum plates, and in a few minutes it will be observed 
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that a (quantity of gas has collected in each tube. If wo allow 
the electric current to pass round the circuit for 15 or 20 minutes 
and then measure the volume of the gas which has collected in 
each tube, it will be found that the tube over the platinum 
jdate which is connected with the zinc pole of the battery con- 
tains twice as much gas as that over the plate connected with the 
carbon pole. Moreover, if the bottom of the tube containing 
the larger amount of gas be covered with the thumb and the 
tube be lifted out of the liquid, inverted, and a light applied to 
the gas, it will be found to bum, show^ it to be hydrogen 
(Chaj). XVI). Similarly, if a glowing splinter of wood be 
plunged intt> the other gas it will be rekindled, showing it to be 
oxygen. Hence we see that the passage of a sufficiently strong 
electric current through water causes it to be decomposed into 
hydrogen and oxygen, and that twice as much hydrogen by 
volume as oxygen is formed. Or, 


WArrpv ^ decomposed by the Hvdboobk 
^ electric current into . [2 vols.] 


and 


Oxygen 
[1 voL] 
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a fact which can be at once simply expressed by chemical 
symbols : — 


Terms used in describing Electrolysis.— It is customary in 
speaking of the decompositions effected by the electric current to 
use certain terms originally adopted by Farmlay. The litjuid 
which conducts the electric current, and is itself decomposed, is 
known as the electrolyte ; the platinum plates in the voltameter, 
described, or, generally speaking, the ends of the wires coming 
from the poles of the battery, are called electrodes. Names are 
given to each of these to distinguish them. That by means of 
which the current enters the electrolyte, or what is the same 
thing, the electrode in connection with the ciirbon ptde of a 
Bunsen’s battery, or the positive ( + ) pole of any battery, is 
called the anode. The electrode by means of which the electric 
currelSt leaves the electrolyte or that in connection with the 
zinc or negative ( ~ ) pole of the battery, is called the kathode. 
The atoms into which the molecules of the electrolyte are 
decomposed are referred to as ions. Evidently the ions are 
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invisible during their passage through the electrolyte. Those 
ions which collect at the anode are spoken of as anions, those 
collecting at the kathode are called kathions. It will be clear 
to the reader that the direction in which the kathions move 
through the liquid is that which we have spoken of as the 
direction of the current, namely, from the anode to the kathode 
(Fig. 107). 
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Electrolysis of Copper Sulphate,— Expt. 195.— Make a 
strong solution of copper sulphate (blue vitriol) in water. Pour 
some *into a beaker. Dip two platinum plates connected by 
copper wires, as previously described (Expt, 194), ini > the 
solution and notice that after a few minutes a deposit of copper 
is found on the kathode, and that bubbles of gas (which if col- 
lected and tested are found to be oxygen) are seen to rise 
from the anode. 

The passage of the electric cun*ent through copper sulphate is 
most easily expressed by means of chemical symbols, and we 
shall consequently suppose the reader has studied the section 
dealing with such symbols before attempting to understand this 
description. Copper sulphate is constituted as shown in the 
formula CUSO 4 . The effect of the passage of the electric current 
is to cause it to decompose accoi’ding to the equation into copper 
and the group of elements, SO 4 , which is, however, immediately 
acted upon by the water in which the blue vitriol is dissolved as 
shown in the second equation : — 

CuS 04 =Cu-f-S 04 
S04-hH20=H2S04 + 0. 

Hence we see that there is a continual withdrawal of metallic 
copper from the solution by the pass^ige of the electric current, 
and the liquid is gradually converted into sulphuric acid. This 
can be demonstrated by its effect on a piece of blue litmus 
paper. 

If instead of having two platinum plates as electrodes w e 
substitute copper plates, wo have a slightly different state of 
affairs. 

Expt. 196. — Arrange the apparatus as described in Experi- 
ment 195, substituting copper plates for the platinum ones 
there used, and weigh the copper electrodes before passing 
the current. After the current has passed for, say, ten minutes, 
break the circuit and weigh the electrodes again, i Notice the 
anode has lost in weight by a certain amount, And that the 
kathode has incrciised in weight by the saine amount. There is 
no evolution of oxygen. / 

Secondaxy Results. — The evolution of oxVguu which is 
noticed in Expt. 195 is a result of what is known as a secondary 
kind. The liberated group of elements, SO 4 , is tpe first effect of 

\ 
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the })asBage of the electric current, but, as we have seen, this 
iadEteediately reacts with the water present and oxygen appears at 
the anode. In the next illustration of the chemical action of the 
electric current we have two secondary j^roducts formed. 

Electrolysis of Sodium Sulphate.— Expt. 197 .— Make a 
strong solution of sodium sulphate (Glauber’s salt), Na2S04, in 
water. Place a porous pot out of a Bunsen’s cell into a large 
beaker. Pour some of the sodium sulphate solution into the 
' porous vessel and also fill the beaker to the same height with 
the solution. Colour these portions of the solution with litmus, 
and then redden the solution in the i)orous vessel by the addition 
of a drop or two of acid. Plunge platinum electnxies into tlie 
solution ; one in the porous vessel and the other in the l)eaker. 
Connect that in the former with the zinc or - pole of tlie battery 
and that in the beaker with the carbon or -h pole. After a 
tin^ it will be noticed that the solution in the porous vessel 
becomes blue, while that in the beaker turns red. It will also 
be noticed that gases are given off at each electrode ; that from 
the one in the porous vessel will, if collected and examined, be 
found to be hydrogen, that from the other electrode oxygen. 

£iQ)lanation of Electrolysis of Sodium Sulphate.— The 

experiment really consists of three chemical reactions. First 
the sodium sulphate is deconijmsed, as the following eciuation 

funnwa • — - 

Na,S 04 -Na,+S 04 . 

But at the moment of their liberation the two groups, Najj and 
SO4, are acted upon by the water in which the siilt is dissolved. 
As the student will leani, sodium acts upon water, forming sodium 
hydrate and liberating hydrogen, a change which is most simply 
expressed by an equation ; — 

Na2 + 2H2O = 2 NaHO + H2 
sodium 
hydrate. 

It is this hydrogen, which is the result of a secondary reaction, 
which is liberated at the kathode. The sodium hydrate, being 
alkaline, has the power of turning reddened litmus blue again, a 
I)henomenon which was observed in performing the last experi- 
ment. 

The third reaction which takes place is the action of water 
upon the liberated group, SO4, which has been described in the 
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electrolysis of copper sulphate. It accom.ts for tlio reddening of 
the solution in the beaker aiid for the evolution of oxygen which 
takes pUicc at the anode. 


Chief Points of Chapteh XIII. 


The OalvanoBcope is a convenient apparatus for recognising the 
passage of an electric current. 

The Passage of the Electric Current through Liquids. — 

(rt) Liquid metals conduct the current without being decom- 
•posed. 

( 0 ) Certain liquids, like turpentine, will not conduct the electric 
curient and are consequently not decomposed ])y it. 

(c) Compound li(|uids, whic]i, like acidulated water, conduct the 
electric current, are decomposed hy its passage. 

Electrolysis is the term used to refer to condition (c) above. It 
means the process by which electric currents pass througli compound 
liquids and so cause them to be decomposed. The liquid which 
conducts the electric current and is itself decomposed is known as 
tlie electrolyte. 

The ends of the wdres coming from the poles of the battery are 
called electrodes, that by whicli the cuiTent enters the electrolyte is 
known as the anode, that by which it leaves tlie kathode (or cathode). 

The atoms into wliich tlie electrolyte is decomposed are called ions. 

The ions wdiicih collect at the anode are the anions ; those which 
collect at the kathode the kathions (or cathions). 

Electrolysis of Water, HyO — 

WArpT..T, decomposed by the Hydhogen , Oxygen 
V-N ATER electric current into [2 vols.] [1 vol.] 

a fact which can he at once simply expressed by chemical symbols 
HyO^Hy + O. 

Electrolysis of Copper Sulphate, CUSO4.— First, the copper sul- 
phate is broken up into copper and the group of elements SO4, 
thus : — 

CuS 04 =Cu + S04 

Then a sccon^Mry reaction takes place between the group of 


dissolved 


S04 + HjO=H 2 S 04 + 0. 


The final result is that copper is deposited at the kathode and 
bubbles of oxygen are evolved at the anode. 

Electrolysis of Sodium Sulphate, Na4S04.— First, the sodium 
sulphate is decomxwsed into sodium and the group of elements SO4, 
thus ; — 

NaaS 04 =:Nay + S 04 . 

This decomposition is followed by two secondary reactions : the 
sodium at once acts upon the water present forming sodium hydrate 
and evolving hydrogen : — 

Nayf2H20=2Na0H + Hy; 
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and the group of elements, SO4, reacts with water as described in 
the case of tne electrolysis of copper sulphate. The final result 
is that hydrogen is evolved at the kathode and oxygen at the 
anode. 


Questions on CriArrEn XITI. 

1. Describe fully what takes place when each of the following 
liquids is included in a circuit round which a strong electric 
current is circulating : — 

(a) Liquid mercury. 

'Petroleum. 

(r) Acidulated water. 

2. What means would you adopt to recognise the passage of an 
electric current through a wire ? 

3. What do you understand by dectrolym ? Give an account of 
the electrolysis of water. 

4. Explain tlie terms : — electrolyte, anomie, kathode, ion. 

5. What happens precisely when an electric current is passed 
through a solution of copper sulphate in water. What appears at 
the anode, and how do you account for its appearance ? 

6. Explain by the aid of chemical s.>Tiibola the various chemical 
changes which take place during the passage of the electric current 
in the last question. 

7. Write a short essay on the electrolysis of a solution of sodium 
sulphate. 

8. Clearly explain the appearance of hydrogen at the kathode 
when an electric current is passed through a solution of Glauber’s 
salt. 

9. After the pjissagc of an electric current through a solution 
of sodium sulphate, the liquid round the anode is found to turn 
a blue litmus paper red. Explain this. 



CHAPTER XTV 

INTRODUCTORY. —STKPLE CHEMICAL OPERATIONS 

PhsTsical and Chemical Changes. — Matter is subject to two 
kinds of change. Hitherto we have })een chiefly concerned with 
those which influence the properties of matter, leaving its com- 
position unaltered. It has been seen that a body, such as a 
piece of iron, may gradually increase in temperature, chaiiging 
from cold iron to hot, and, becoming hotter iuid hotter, may 
change in colour, passing from a dull gray to red, and from 
rod to almost white, becoming incandescent and emitting 
light rays. But if left to itself the iron will begin to cool, 
passing through the same changes in the reverse order until it 
reassumes precisely the former condition ; and in all these 
changes the weight of the iron remains unaltered. Or, 
again, we might take a piece of soft iron, and, having wound 
silk-covered copper wire round it several times, pass an electric 
current through the wire. It would be found, on examining 
the iron, that new properties had been imparted to it, that it 
was now able to pick up other pieces of iron, or had become 
magnetised. If the electric current be discontinued, the new 
power, too, disappears. * Such changes as these, where the 
substance or composition of the body remains unchanged, are 
known as phyfncal chemges. On the other hand, if a piece of iron 
be left exposed to damp air for some hours it becomes covered 
with a reddish-brown powder, which the most superficial exami- 
nation will show is a different substance from the iron with 
wliich we started. There are a very large number of changes of 
the same kind as this continually taking place around us. 
When gunpowder explodes, we have an abundance of smoke 
formed and a black residue left behind, and it is easy to see that 
the smoko and deposit are quite unlike the gunpowder before 
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the flash. Such changes as these are called rhemirrd chamfett. 
It is with changes of this second kind that Chemistry is con- 
cerned, and we may define this science thus : (Jhem idrij ift that 
branch of knowledge which deals with chemical chamjes ; those, 
namely, which restdt in the formation of new siihslances with new 
properties. 

Chemical Elements. — The result of a large number of ex- 
periments made from time to time by dilfereiit chemists has been 
to show that there are upwards of seventy different forms of 
^matter which can by no known methods be broken up into 
anything simpler. By this is meant that if any one of these be 
selected and treated in any way with which chemists are familiar 
— for example, if it were subjected to a very high temperature — 
we should find it impossible to get anything having ju'operties 
different from those of the substance itself ; bodies of this 
simj^le kind are called elements. 

But it must be carefully borne in mind that, as tiie methods 
which chemists adopt become more and more refined, it is quite 
likely that some of these may be found to be wrongly regarded 
as elements. Up to the time of Davy (1807) the substances 
soda, potash, and lime were regarded as elements. He found, 
however, that they could be split* up into simpler constituents. 
From soda he obtained a soft metal, sodium, and two gases, 
oxygen and hydrogen, and from that time, of coui’se, soda could 
not bo regarded as an element. Similarly, if at any future 
time it should be found tl^t any of the fonns of matter which 
we call elements can be split up into simpler bodies with difierent 
properties, the element which is thus decomposed will have to 
be struck off the list. 

A list of the substances now regarded as elements is given at 
the end of Chap. XIX. 

Metals and Non-Metals. — A good many of these substances 
are possessed of certain distinctive characters in which they 
resemble one another. They have a bright lustre, a high specific 
gravity (see p. 96), are good conductors of heat and electricity, 
and are known to chemists as metals. There is no difficulty in 
deciding in a large number of instances that the substances 
possess the characters of a metal, and the student will imme- 
diately think of gold, silver, copper, iron, «&c. Other bodies, 
however, are quite as plainly not of this class ; they have no 
lustre, they are not heavy, nor do they conduct heat and elec- 
tricity well. These are spoken of as non-metals, and phosphorus, 
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sulphur, and carbon will serve as good instances. But the Kno 
between the two classes is not a hard and fast one, for one or 
two subsf!!ances possess some of the properties which distinguish 
a metal, and yet for other reasons, which the student will under- 
stand better later, are not classed with the metals, but with the 
non-metals. Arsenic may lie cited as an instance of a substance 
which possesses properties common to both classes. 

Chemical Operations. — A number of chemical operations are 
so frequently employed, that it will be well at once to familiarise 
ourselves with them, and wo may do this by the following ex- 
periments. 

Expt. 198. — Place a piece of sugar in water, and note that it 
soon disapj)ears, and has given a sweet tcaste to the whole of 
the water, so that the particles of the sugar must be spread 
through the entire mass of the water. 

The sugar is said to have dinwlved and formed a solution of 
sugar. Similarly, a very great number of substances can dis- 
solve, or are soluble, in water, but not all to the same extent, 
and when no more of the substiince can be dissolved the solution 
is said to be saturated, 

Expt. 199. — Weigh out 50 grams of each of the following 
substances : — finely powdered nitre, sugar, salt, and to each 
add water, in small (juantities, with vigorous shaking after 
cacli addition. Determine thus the quantity of water neces- 
sary to form a saturated solution of each. 

Solution is a Physical Change. —Expt. 200.— Weigh out a 
quantity of salt in an evaporating basin and dissolve it in 
water. Heat gently over a Bunsen burner so that the water 
boils and evaporates away completely. Note that a white 
solid remains in the basin, and again weigh. Satisfy yourself 
that the weight is equal to the weight of the basin and salt 
before solution, and that the solid left is still salt. 

Hence during solution^ we have in general no che^nical 
change, but merely a cliange of physical state, although we 
shall find later that in cci*tain cases solution may be accompanied 
by chemical changes. 

By very gently warming water or other liquid, or even by 
^allowing it to remain exposed to the air for some time, the liquid 

1 The act of flolution is now commonly spoken of as dissolution, the term solu- 
tion being restricted to the product formed by the dissolution. 

P 
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passes oflf as vapour without actually boiling, as the student may 
readily see by a simple experiment, and we speak of this as 

evaporation. 

Distillation. — We also see that we can by the evaporation of 
the solvent, i.e. the liquid in which the solution takes place, 
separate it from the dissolved substance, and this is very 
frequently used not only for obtaining the dissolved substance 
but also for the purihcation of liquid from dissolved solid 
material, since if the steam which is formed by boiling water 
contiuning any of these dissolved substances be condensed, the 
water formed is quite pure. To obtain pure water from any 
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kind of water, then, whether fresh or salt, all that has to be done 
is to boil it and condense the steam which is given off. The 
dissolved materials are all left behind in the vessel in which the 
boiling takes place. An arrangement for condensing steam or 
vapour is shown in Fig. 108. The steam that is driven off from 
the water in the flask passes through a long tube kept cool by 
being surrounded with water, and is thus condensed. 

Expt. 201. — Evaporate a little distilled water in a platinum 
or porcelain crucible. Notice the absence of any residue. * 
Repeat the experiment with tap-water, and note the residue. 
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Separation of Solids. — Filtration.— We may also use the 
solvent povverof water to separate solids which are insoluble from 
those which are soluble. 

Expt. 202. — Mix well together some fine sand and salt ; 
place the mixture in a glass flask with sufiicient water to dis- 
solve the salt, and shake vigorously. Take a circular piece of 
filtcr-j)aper and fold it in two, in the form of a semicircle, then 
. again to the form of a quadrant ; open out into the form of a 



hollow cone and fit4t into a glass funnel (Fig. 109). Pour the 
liquid through this filter and note that the solution of salt runs 
through perfectly clear leaving the insoluble sand in the filter 
paper. Evaporate off the water from the salt solution and 
obtain the s^t. 

The above method of jUtration is that which we usually adopt 
in chemical operations when we wish to separate insoluble sus- 

p 2 
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pended material from a li(j[uid, either for the isolation of the solid 
or the purification of the liquid. 

Solvent Power of Hot and Cold Water.- -We fiiay now 
find whether temperatui’e has any influence on the solvent 
power of water, that is, does hot water dissolve more or less of a 
solid than cold water ? 

Expt. 203. — Place a quantity of powdered nitre in water 
, and allow it to stand for some time with frequent vigorous 
shaking, so that a cold sjiturated solution is formed. Now 
heat the solution and see whether more solid dissolves 
or not. 

Do the same experiment with other solids and satisfy yourself 
of the truth of the following statement, that in general hot 
water dissolves more of a solid than cold water, or in other words, 
that«the solvent power of a liquid increases with rise in tem- 
perature. 

Crystallisation. -Expt. 204.— Allow a hot satumted, or 
nearly saturated, solution of nitre obtained »‘is above to cool 
slowly, and observe tliat the nitre separates out from the solu- 
tion as clear glassy solids, which may be obseiwed to increase in 
sisse as the solution cools. Examine a few of these and see that 
they are bounded by plane surfaces. 

These are known as crystals and theii* formation as oystallisation. 
Crystallisation usually occurs when a dissolved solid se[)arates 
out from its solution, either by cooling of the solution, or by the 
evaporation of the solvent; and the slower the cva]>oration, or more 
gnidual the cooling, the larger and more perfect are the crystals 
obbuned. Tliis may be easily verified by rapidly cooling, in a 
stream of cold water, a hot saturated solution of nitre. We 
shall also find later that crystals may also be formed during the 
solidification of a melted solid, especially when it is allowed to 
cool and solidify slowly and undisturbed. 

Precipitation.— -Exi*t. 205. — Dissolve some lead acetate in 
distilled water ; add to it a solution of salt. Observe the form- 
ation of a white powder in the previously clear licjuid. 

Such precipitation always happens if to a solution we add some 
material capable of converting the dissolved substance into a new 
product which is insoluble in water, and which therefore separates 
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out as a powder. This insoluble powder is called a and 

is said to be pi’ccdpitnied. 

Solution of Liquids. — Expt. 206.— Shako up a little water 
and ether. Observe the separation into two layers ether 
above and water below. Pour the mixture into a funnel the 
bottom of which is closed by your finger. Allow a little of 
the lower Ihjuid to run into a test-tube. Insert into the test- 
• ^ tube a cork fitted with a glass tube. Boil the liquid and apply 
a light to the tube, and obscn’^e that an inflammable gas is 
at first evolved, but after a while only sttjam passes off. 

The lower layer of water hence conbiined a quantity of dissolved 
ether, while it may be also proved that the ui)per layer of ether 
contained dissolved water. 

Exi*t. 207. — Add alcohol to water, and shake. Observe that 
they do not sepamte into two layers, but form one liquid. 

When lic^uids, as in the case of alcohol and water, form one 
hoiuogeiieous lu^uid, they may be said to bo mutually soluble in 
all proportions. In such a case the Ihiuids are said to be miscible 
or to mix with one another. 

Hence ether and water are mutually soluble but do not mix. 
Mixtures and Compounds. — Substances w hich contain more 
than one element may be either nonqwimds or mixtures, and 
the difference between these will be best undei*stood by perfom- 
ing the following experiment : — 

Exit. 208. — Mix together some copper filings and powdered 
sulphur, and examine th«) result, which is a mixture of copper 
and sulphur. See that its colour lies between the yellow of 
sulphur and the red of copper, and that the particles are 
quite distinct. Wash a little in a gentle stream of water, and 
observe that the sulphur gets washed away more readily than 
the copper, leaving the latter as a residue. Shake up with a 
little of the liquid known as carbon disulphide, and see that 
the sulphur dissolves but the copper is left ; pour off the 
solution and allow it to evaporate, and observe that the 
sulphur is left. 

Now again mix the two ingredients in a porcelain crucible, 
using a weighed quantity of copper, and heat either in the 
open air or in a draught cupboard. Observe that the sulphur 
melts and some bums away. Add more sulphur, and again 
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heat until no more sulphur bums away, anti dt) this three or 
or four times. Weigh the product so obLiined, and then 
examine it carefully. Try to separate the sid]»hur and cojiper 
by washing, and try b) dissolve the sulphur out by ciirboii 
disulphide. You will now find that you cannot separate tlie 
two components, neither can you distinguish the individual 
particles. 

The substance so formed is a com 2 wvnd of copper and sulphur, 
so that during the heating a change has tciken ])laco, with the 
formation of a new substance with ])roperties of its own. This 
is an example of a chemical change — tluj i-esult of chemical 
action. The new substiince is a chemiciil compound. If you 
have taken the weight carefully you will have also found that 
100 parts of co})])er form, roughly, 125 pjirts of the compound, 
that is, unite with 25 of sulphur, and the result does not depend 
on the actual weight of copper and sulphur used, all excess 
of«sulphur over this being always burnt away. Wo thus find 
the following dilferences between a mixture and a comi)ound : — 
MIXTUBE.— In a mixture the components exist side by 
side and can be separated by simple mechanical methods. 
The ingredients may be present in any proportions, and the 
properties of the mixture are intermediate between those 
of the constituents. 

COMPOUND.— In a compound the components cannot be 
separated by the simple means available in the case of 
mixtures, ^e properties of the compound are quite differ- 
ent from those of the constituents, and these constituents 
are always present in certain definite proportions which for 
each compound are invariable. 

In all cases of chemical action it is most important to remember 
that the total weight remains absolutely unchanged, that is, the 
total weight of all the products is exactly ecjual to the total 
weight of all the components forming these products. 

Chief Points of Chapter XIV. 

Physical Changes are those in which the con^sition of the body 
experiencing the change remains unaltered. Tlie science concerned 
with these changes is called Physios. 

Chemical Changes are those which result in the formation of new 
substances with new properties. The study of such changes is 
called Chemistry. 

Chemical Elements are kinds of matter which can, by no known 
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means, be broken up into anything simpler. They can be srb- 
divided into metals and non-metals. ' ' 

Chemio|tl Operations.— 'Solution is the process by which some sub- 
stances, when placed in water or other liquids, disappear an ! their 
particles spread through the entire mass of the water or other 
liquid. ^ ft; - 

When no more of the substance will disaohe the liquid is said to 
be mtvrated. Solution is generally a physical change and is 
unaccompanied by any changes of weight. 

Distillation is the process by means of w hich we are able to 
‘ separate the dissolve<l subfitance from the solution containing it. 
The liquid itself is recovered by condensing the vapour. 

Filtration consists in utilising the porosity of unglazcd paper or 
other material for separating insoluble substances from solutions 
with which they are mixed ; or, it is a means of purifying liquids 
and isolating solids. 

C:^8talli8ation denotes the separation of a dissolved solid in masses 
having regular shapes from a solution as the liquid evaporates or cools. 
The regular solids formed are called crystals. 

Precipitation means the formation and separation of an insoluble 
substance from a solution. 

Compounds and Mixtures. — 



Substances 

L_ 


Elements 

Compounds, 

Mixtures, 

1 

elements ^ire- 

constituents pre- 

... 

sent in denuit 

sent in any 

Metals Non-metals 

proportions 

proportion. 


III a mixture the components exist side by side and can be sepa- 
rated by simple mechanical methods. The ingredients may be 
present in any proportion and the properties of the mixture are in- 
tennediate between those of the‘'eonstituents. 

In a compound the components cannot be sepai’ated by the simple 
means available in the case of mixtures. Tlie properties of the 
com]K)und are quite different from those of the constituents and 
those constituents are always present in certain definite proportions 
which for each compound are invariable. 

Questions on Chapter XIV. 

1. How may muddy water be (a) made clear, (h) purified from 
dissolved material ? 

2. Explain the differences lietween a mixture and a compound. 

3. What do you mean by a “ physical ” and what by a “ chemical ’* 
change ? If a substance changes under the influence of heat how 
would you endeavour to find out whether the change is chemical or 
merely physical ? 

4. A mixture of salt and powdered glass is given to you. How 
could you (a) obtain separately the two constituents, (6) find the 
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quantity , of each in the mixture? Could you separate sugar from 
salt in the same way ? 

5. What do you mean by a saturated solution ? How v^ould you 
prepare a saturated solution at a given temperature? What is 
generally the effect of cooling a saturated solution ? 

6. A white powder is shaken up with water. How would you 
ascertain w'hether any of it dissolves ? 

7. What is meant by the statement that two liquids mix ? Give 
examples. Can a liquid be soluble in another liquid without being 
capalne of mixing ? If so, give an example. 

8. How may fresh water suitable for drinking be obtained from 
sea water ? 

9. By what means would you endeavour to find the quantity of a 
given solid which a given quantity, say 1 gallon, of water is capable 
of dissolving? 

1 0. What is meant by ‘ ‘ precipitation ? ” Under what circumstance 
may precipitates be formed in a liquid ? 

11. How would you endeavour to obtain large crystals of alum ? 

12. Describe an experiment to show the solubility of ether fai 
water. 

Sand and salt are stirred up in a bottle containing water in 
whi(!h some gas is dissolved. What methods would you use to recover 
the sand, salt, and gas from the water ? 

14. Give examples of the solvent power of water. How could 
you determine whether a sample of water contained dissolved solid 
matter ? 

15. Describe the apparatus you would employ to obtain water 
free from dissolved substances. 

16. State in general terms the differences observable between a 
mixture and a compo\nul of any two substances. 

17. Explain the terms Mixture and Compound. How could you 
show that copper and sulphur (or iron and sulphur) can exist to- 
gether, either as a mixture or as a chemical compound ? 



CHAPTER XV 


THE ATMOSPHERE 

Ohemical Action.— In the study of Chemistry it is advisable 
to start with common and well-known substances, and t^) 
examine these as far as possible. The knowledge so obtained 
is then of service in the further study of other and less common 
substances. First, therefore, from its importance and its uni- 
vers^d presence, we shall investigate the atmosphere. The physical 
properties have already been studied. We know it to be a gas 
possessing weight and ciipible of exerting pressure (p. 108). We 
have now to study its chemiwil properties. Wlmt is it composed 
of ? How docs it beliave towards other substances ? To answer 
these (]uestions it will bo necessary to carefully study 4)he changes 
which different substjinces midei'go when exposed to influence 
of the atmosphere, selecting at fii*st those changdfe wliich a{)pear 
simplest. Of these the rusting of metals— say, ,, iron — may be 
chosen. The firat problem to be solved is, w!^ is this rusting ? 
Does the iron lose, or give up, anything^ Or, on the contrary, 
does it gain anything ? To answer these questions the following 
experiment should be done. 

Expt. 209. — Weigh carefully a watch glass with some iron 
filings or tacks, add a few drops of water (sinc^ we know that 
iron rusts best in the damp) and allow it to stand. At the 
end of a few days wjirm gently to drive off the water, and 
when qidte dry again weigh, and note carefully the weight. 
Has the iron gained or lost ? 

If the weights have been carefully taken, it will be found that 
the iron has gamed, and the experiment has furnished the neces- 
sary answer, so that wo may write : — 

Iron gains in weight during rusting. 
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Now we must ask — Did the gain come from the water we 
added, or from the atmosphere ? To answer this question it will 
be necessai-y to allow the iron to rust in a closed space, that if 
anything is taken from the air we can notice it. 


Expt. 210. — Place some iron filings in a muslin bag and tic 
the bag to a piece of glass rod. Moisten well (better dip in a 
solution of sal ammoniac) and place it in a bottle of air in- 
verted over water (Fig. 110). Examine after a few days. It 

will be seen that the water has 
risen in the glass, showing that 
some part of the atmosphere hiis 
been abstracted by the iron in 
rusting. 

Expt. 211. — Tightly place your 
hand on a card under the moutli 
of the jar so as to allow no water 
to escape, set upright and place 
a burning taper into the jar. 
Note what happens, but do not 
throw away the water. 



Fio. 110.— Action of IroaFiliiigs 
oa Air. 


The taper being extinguished 
proves to us that the gas left in 
the jar differs from air in the respect 
that it does not allow substances to burn in it. Hence the 
material away from the air by the iron, and which with 

the iron forined ndst, is tka}^ part of the air which is concerned 
in burning, and we liiaykiate : — 

Iron in rusting gains weight, taking some material from 
the air, and this material is the part of the air concerned in 
burning. 


Expt. 212. — ^Next measure in a jgraduatcd vessel the quantity 
of water in the bottle. This is equal to the quantity of gas 
which has been used by the iron. Also measure the quantity 
of water tlie bottle holds. This is the quantity of air it origin- 
ally held. 


Chemical Composition of Air. — It will be found by repeating 
the experiment with different bottles at different times, and with 
different quantities of air, that the ratio of these two volumes is 
always roughly 1 : 5, and is independent of the size of the bottle. 
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&o. Hence it is clear that this gives us the proportion of the 
active part of the air, and we may sum up the result of the 
cx})oriincAt as follows. 

Air contains 80 per cent, inaclim ptarf^ which does not allow" 
things to bum in it, so that the remaining 20 per cent, inufeo be 
the part concerned in burning, and which we have called the active 
part. To the inactive part we shall henceforth give the name 

Nitrogen. 

' * , This gas nitrogen is an example of a very inert element, since 
it can only writh difficulty be made to combine with any other 
element. It does not bum, nor will it allow other substances to 
bum in it ; or, as usually expressed, it does not support com- 
bustion, It can be made to unite with a few metals, as magnesium 
or lithium. If either of tliese be heated with nitrogen the gas is 
absorbed and a compound of magnesium and nitrogen called 
magnesium nitride, or lithium and nitrogen called lithium 
nitride, is obtained. 

If the nitrogen obtained in Experiment 210 be thus heated with 
one of these metals it is found that about 1 per cent, of it remains 
unabsorbed. This residue is another substance present in the 
atmosj)here to the extent indicjited, and ctdled Argon. Argon 
is also very inert, more so even than nitrogen. CXwing to this, 
even until the year 3 894, its presence in f4>e air had been 
completely overl(»oked, although, nearly a c<pti|^y before^ the 
eminent chemist Cavendish had unknowingly* obtained some, 
regarding it as an impurity which he had overlooked — an 
example of the imj:)oi'tjxnce of giving attention to the minutest 
details in scientific investigations. ^ ^ 

The Active Constituent of Air, — \Ve must now endeavour 
to obtain and examine the active part of the air which dis- 
appeared during the rusting of the iron. Knowing that it is 
now present in the mst, the most evident plan would be to 
endeavour to obtain it from this source. The ease with which 
iron rusts, that is, the readiness with which it takes up the 
active part of the air, should indicate that it would probably be 
very difficult to obtain it from this source, and that some other 
rust which is more difficult to prepare would probably be better 
for our purpose. The most convenient is the rust of mercury, 
which is a red powder not easily formed. It can be obtained 
if mercury is heated for a considerable time in air, when it 
fonns as a red scum upon the surface of the metal. The changes 
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which occur when this rust is heated should be carefully de- 
scribed in a notebook. 

Expt. 213. — Place some of the mercury rust (known as red 
oxide of mercury) in a tube of hard glass closed at one end, 
and heat strongly. Notice the darkening of the powder, also 
the dark deposit which collects round the inside of the tube 
above the powder. Place into the tube a splinter of wood 
which has been just extinguished and is still glowing. Note 
that it glows more brightly, or even bursts into flame. Allow 
the tube to cool, and notice that the powder returns to its 
original colour. With a piece of wood or ghiss scrape off the 
dark deposit from the walls of the tube. It is seen to be bright 
metallic quicksilver or mercury. 

What has this experiment taught? It has shown that by 
heat^^l^e rust of mercury we obtain mercury itself, and a gas 
in whiiim wood bums more brightly than in air. Is this what we 
should expect to find supposing we have obtained the active paH 
which we hoped to get ? It ceiiiainly is, for we have found that 
the gas occupying the other four-fifths of the air does not supt>ort 
combustion at all, and thus acts as a diluent. Consequently the 
active part it^lf would be expected to support combustion very 
vigorously. ^ ^ . 

Absolute prpof is, however, forthcoming. It may be proved, 
by weighing, tl^af the weight of the original mercuiy is equal to 
that left after the experiment, provided that all the rust is decom- 
posed and no mercury is lost. This shows that the gas escaping 
from the rust is the same gas as that taken from the air. This 
gas is called OX3^dn, and^e change may be thus stated: — Oxide 
of mercury, when heated, decomposes into mercury and 
oxygen. 

Preparation and Properties of Oxygen. —As the quantity of 
oxygon obtained by the above method is comparatively small, 
and the oxide is expensive, a more convenient source of the gas 
is a white crystalline powder called Potassium Chlorate. 

Exft. 214. — ^Place a little potassium chlorate in a test-tube 
and heat. Observe that the mass crackles, melts, and gives 
off a gas. Test by a glowing match, and see that the gas is 
oxygen. The gas is, however, given off more readily, and 
without fusion, if a little manganese dioxide is added to the 
chlorate. By this means we can collect some jars of the gas. 
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Expt. 215. — Fit a delivery tube H to a flask A, and in the 
flask put a mixture of potessium chlorate and manganese 



Fig. 111.— Preparation of Oxygen. 


dioxide. Let the end of the delivery tube dip under water 
contained in the trough 0. Fill five jars with water and 
invert them in the trough. Heat 
the flask, and when the gas is 
being evolved place the mouth 
of the jar D over the end of the 
tube so that the gas displaces the 
water. When all the jars are 
full take out the delivery tube 
from the water, and leave the 
flask for further examination. We 
must now examine the gas. Its 
action upon burning wood has 
been seen before. 

Expt. 216 . — First jar , — In this 
plunge a piece of red-hot cliarcoal 
placed in a deflagrating spoon (a 
small upturned iron spoon with a 
long handle) (Fig. 112). Note the 
briUimey of the combustion. Now l)oBag»tb>K 

pour mto the jar some clear lime- spoon in it. 
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water (i.e. some of the clear li(][uid which is formed if lime and 
water be shaken together and allowed to stand. It is really 
a solution of lime in water). Notice that it turns laflky owing 
to a white powder being diffused through the liipiid. 

Expt. 217. "In the second jar burn some phosjdiorus con- 
tained in the deflagi'ating sixion. Note the great brilliancy of 
the combustion and the dense white fumes. Add water and 
shake — the fumes dissolve. In the scjlution put a little blue 
litmus paper. Observe that it is turned red, 

Expt. 218 . — Third jar, -—Perform a similar experiment w^ith 
sulphur. There are few fumes, but a strongly smelling gas is 
obtained, also soluble, turning the blue litmus red. 

Expt. 219. — In a dry detlagratiiig spoon put a small piece of 
the metal sodium,^ light it and put it in the fourth jar of the 
gas. Observe the fumes formed. Dissolve these in water and 
try the effect of the solution on litmus paper. It does not 
turn the blue colour to red but has exactly the reverse effect, 
and changes the red litmus blue. Feel the water, it has a 
peculiar soapy feel. 

Exi'T. 220. — Obtain a piece of iron wire (a thin steel watch 
spring will do), and dip one end into a little melted sulphur, 
juid when the sulphur is burning ])lace the wire in the fifth jar 
of oxygen. Observe that the sulphur bums and also sttirts the 
combustion of the iron which continues to bum with a 
brilliant shower of sparks.. After the burning has ended, 
observe that a quantity of an insoluble solid (iron rust) has 
been formed. 

Oxides and their Properties. — In all these cases of burn- 
ing, both the substance burnt and the oxygen disappear and 
a new product is found. Tliey have in fact combined to fonn a 
compound which we term an oxide, the name given to the com- 
pound of oxygen with some other element. We have noticed 
also that the oxides differ completely in their action upon 
litmus, for whereas some turn the blue litmus red, others 
do exactly the reverse. Substtmees which, like the solution of 
the oxide of phosphorus or sulphur, change the blue litmus red 
are acids. 

1 Groat Caro must bo taken wbou ufliug aodiuin, which rniist never Iks .illowod 
ti) touch damp luateriiihi. It ia kept under naphtha until UHod, and Hhould never 
Iks handled with tho fingers. It Hhould be ernod by blotting p«vi>er when taken 
from tho bottle and cut with a clean knife, tho pieces not used being immediately 
replaced in the buttle. 
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Ex FT. 221. — The student may verify this by trying the 
different acids in the laboratory. 

f 

Acids are further characterised by a sour taste, even wi^en in 
dilute solution, and by other far more important chemical proper- 
ties. The solution of oxide of sodium is what is called an atkalim 
solution. The student will do well to note that, as a general 
rule, he may regard the oxides of metals as different in their 
•pro^jerties from the oxides of the non-metallic elements. 

We may now write : — 

Iron and oxygen form oxide of iron. 

Phosphorus and oxygen form phosphorus pentoxide. 

Carbon and oxygen form carbon dioxide. 

Sulphur and oxygen form sulphur dioxide. 

Sodium and oxygen form sodium oxide. 

The meaning of the term di, &c., will be understood later. 

We must now return to the flask which contains the residue 
of the heated mass. 

Exft. 222. — Heat well, till no more oxygen is given off. Boil 
u]) the mass with water and filter it. The manganese dioxide 
remains unchanged on the filter paper. Evaporate the solution 
to dryness, and there remains a white solid which is not potas- 
sium chlorate and which tastes something like salt. 

This substance is called potassium chloride, and we may 
therefore write Potassium Chlorate, when heated, decom- 
poses into potassium chloride and oxygen. The manganese 
dioxide did not change ; what, then, was its role ? This (jues- 
tion is one which was for a long time explained by calling the 
manganese dioxide a catalytic agenty and such actions, viz., those 
accelerated by the presence of a substance, which itself does not 
change, were called catalytic actions. In reality, however, the 
manganese dioxide goes through a series of changes, but the 
final one leaves it in its original condition. 

Quantitative Character of Chemical Action. — The heating 
of potassium chlorate and manganese dioxide must also be 
done quantitatively, as the numbers obtained will be of use to 
us in our Later work. 

Expt. 223. — Procure a test-tube and put in it a little man- 
ganese dioxide, and place near the mouth a plug of glass 
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wool ; weigh. Add potassium chlorate and put back glass 
wool ; weigh again. Connect up as in Fig. 113 and heat until 
no more oxygen is evolved ; measure the volume of gas given 



off, that is the volume of water driven out of A. Allow the 
tube to cool and weigh again. 

Enter your results thus : — 

Wt. of tube, manganese dioxide, and potassium 

chlorate 3C*85 gms. 

Wt. of tube and manganese dioxide 35*32 gms. 

1. Wt. of potassium chlorate 1*53 gms. 

Wt. of tube, manganese dioxide, and potjissium 

chlorate 36*85 gms. 

Wt. of tube, manganese dioxide and potiissium 
chlorate, after heating 36*25 gms. 

2. Wt. of oxygen evolved *60 gms. 

3. Volume of oxygen 430 c.c. 

We thus find, if the experiment is carefully performed, that from 

100 *60 

100 gms. of potassium chlorate we should obtain ^ ^ x - ^ gms., 

i.e., 39 gms. of oxygen, and, further, that 430 c.c. of oxygen 
weigh *60 gms. that is, 1 litre weighs 1*39 gms. We have not 
here, however, corrected the volume of gas for the pressure and 
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temperature, and this should done, the barometric pressure 
and air temperature being read at the tunj of the experiment, 
and the volume of gas corrected for the pressure 760 mm. and 
temperature 0° (i)age 112). The weight of 1 litre of oxygei* will 
be then found as slightly over 1*4 gms. 

Summary of Results. — Air contains about 80 (more ac- 
curately 78) per cent of an inert gas, nitrogen, in which things 
cannot bum. About 20 (more accurately 21) per cent, is a very 
Active gas, oxy(jen, which supports combustion very vigorously. 
Substances bum in it with the formation of compounds called 
oxides. Some of these oxides dissolve in water and form adds, 
while others have properties essentially different from the acid- 
forming oxides. A little less than one per cent, of the air consists 
of a very inert gas named Argon. 

Various substances present in Air. — Besides these, which 
are the chief substances in air, there are others which are present 
to a small extent. The presence of some of these may be indi- 
cated by the following experiments : — 

Expt. 224. — Into a large glass flask pour a few c.c. of clear 
lime-water. Close the jar and shake vigorously. Examine 
the lime-water. 

Expt. 22S. — Leave a few pieces of diy calcium chloride 
exposed in a saucer to the air. Observe after a few hours. 

Expt. 226. — Leave a weighed quantity of sulphuric acid ex- 
posed to the air in a beaker for a few days. Again weigh. 

Expt. 227. — Put some ice (if not available, a little sodium 
sulphate and hydrochloric acid) into a small beaker and watch 
the outside of the beaker. 

In the first of these experiments we find that the lime-water 
becomes tinted and milky. This does not happen with oxygen 
alone (try it) or nitrogen, but we have already seen that the 
milkiness is produced by the gas produced by burning carbon, i.e. 
carbon dioxide. This gas is, in fact, present in the atmosphere, 
but only to a small extent, viz., about '04 per cent., that is, 4 
parts in 10,000. Even this minute quantity is, however, very 
important, as plants derive the carbon which enters into their 
composition from this source. Their green parts, under the 
action of sunlight, decompose the oxide, and give off the 
oxygen. 

If, instead of atmospheric air, air expired in breathing be 
used in the above test, it will be seen that the quantity of 

Q 



ELEMENTARY GENERAL SCIENCE 


CHAP. 


carlK)n di-oxido is much greater, indicating that this is pro- 
duced as a product of the animal economy, resulting, in fact, 
from the union of the atmospheric oxygen with th^ carbon 
present in jinimal tissues. Owing to this all animals require 
oxygon, and soon expire if deprived of it. Fish and many 
other marine animals are tjius entirely dependent, for their 
supply of oxygen, upon the air which is dissolved in the water. 

The experiments (225-226) indicate the abaor]:)tion of mois- 
ture by the calcium chloride and 8ulj>huric acid, and it is this. 
» moisture which is present in the air that becomes deposited upoli 
cold objects in the fonn of dew, as in Exi)t. 227. 

The quantity of moisture which is present in tlie air in the 
form of water vapour varies considerably from time to time, 
being as a rule greater in hot weather than in cold. 

In the neighbourhood of towns, also, there are always present 
small quantities of compounds which are ff)rmed in works, &c. 
These include compounds of ammonium, oxides of sulphur, &c. 
Tjargo ([uantitics of dust particles and minute bficteria are also 
found in air, the number of these little organisms varying from 
one or less to many thousands per cubic centimetre. 

Air Compared with Oxygen. — Wo have now seen that 
when a substance bums in oxygen a new compound is formed, 
which is an oxide. Jhit we must go further, and ask — Is this 
also the cjise v^hen it bums in air? Does it take away the 
oxygen and forni an oxide^ leaving the r^trogen unacted upon, 
as we should oxj)ect ? This can be readily tested. 

Expt. 228. — l*ut a small piece of dry phosphorus in a test- 
tube, cork the tube tightly, and warm. Note that the phos- 
phorus ignites and hmns white fumes, as when it bums in 
oxygen. But the flame is not so bright. When cool again, 
take out the cork under water. Note what happens. Put 
btwjk the cork and shako up, test the remaining gas, and test 
the water with litmus. Meiwsure the volume of the water, i.e. 
the gas abstracted, also the volume the tube holds. 

As was the case in rusting, one-fifth of the air has been used, 
this being what we found was the quantity of oxygen present ; the 
white fumes formed, too, combine with water to make an acid, 
as when the phosphorus burned in oxygen. In fact, all tests 
prove the products to bo identical. Hence, in air, also, the 
burning consists of the union of the burning substance with the 
oxygen of the air to form a new compound — an oxide. 



XV 


THE ATMOSPHERE 


It will be easy for the student to verify this by burning in air 
the different substances which wer^ burnt in oxygen, and care- 
fully comparing the products* 

Gain of Weight daring BoroHlg.— If the explanation ^iven 
above be correct, it is evident that substances should ::'aiii 
in weight when burnt, i.e. the products of combustion should 
weigh more than the original substances. Do they ? We may 
tost this, f(>r, sjiy, phosphorus, sulphur, and magnesium wire. 

• Exit. 229. — Weigh a crucible and lid and a piece of magne- 
sium, which, folded lightly, is jdaced in the crucible. Heat 
strongly in a burner, taking care to let no fumes escape. Ti’o 
do this, keep on the lid, and only raise a little when the flame 
is removed. The magnesium is seen to bum brightly in 
places ; but, if care is biken, no fumes are lost. When 
finished, the whole mass should be in the form of a white 



Fio. 114. — To illuBtnitc Experiment *230. 


powder. Allow to cool, and weigh the crucible with the lid 
and powder. Subtract the weight of the crucible and lid to 
find the weight of the powder. Is it more or less than the 
weight of magnesium ? It will abnost certainly be found to 
bo more, and, if the experiment is carefully done, it will bo 
found that the magnesium has gained about 66*6 per cent. 

Expt. 230. —Get a hard glass tube, BA in figure, jmek the 
drawn-out end with asbestos fibre ; weigh carefully. Place 
in it a small piece of dry phosphorus (about *2 gram) and 
again weigh. Connect up as shown in figure, the end A being 
attached to a suction-pump which can be fitted to a tap. This 

Q 2 
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draws a current of air through the tube, and, in order to dry 
the air, it is first made to^ pass through the tost tube C, con- 
tfiiniug strong sulphuric acM. ^ann the phosphonfs slightly 
— it ignites. Take away^b^. burner and allow it to bum, the 
fumes being 8topi)ed by the asbestos. A quantity of red 
dojiosit is also found (another form of phosphorus), and this 
may be got rid of by strongly heating. When cool, dis- 
connect, and again weigh the tube. It is found, if carefully 
done, that the phosphorus gains about 128 per cent. 

Expt. 231. — If we desire to do the same with sulphur, we 
must alter our apparatus, as the product is a gjis. This is 
readily done. The tube BA, as before, contains the sulphur, 



but the air together with the products of combustion are 
drawn through a strong solution of caustic potash in the test- 
tube D, the air having been previously drawn through the tube 
Oconbuning strong sulphuric acid (Fig. 115). The sulphur di- 
oxide is absorbed in D, so that if this tube be weighed before 
and after the experiment we obtain the weight of the gas, while 
the weight of the tube AB with sulphur in it (1) before heating 
(2) after heating gives the weight of sulphur which has burnt 
away. From these results calculate the increase of weight 
for 100 grms. of sulphur. It is seen that the sulphur gains 
100 per cent. 

Combustion and Busting. — A comparison of these ex- 
periments with those on the rusting of iron should be made in 
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order to plainly see that conibnation and mating are essentially 
similar actionr, inasmuch as l>oth are the foniiation of oxides, 
the only difference being that in l)uming this is attended ^Ith 
the production of Ivjht How is this light brought about ? It is 
owing to the heat consequent an the chemical union. When iw(» 
substances unite to form a new compound, heat is generally 
evolved, and this may be sufficient to raise the substances and 
the products of the combustion to such a temperature that they 
become luminous. If gases are present among the products of 
combustion they may become luminous and pass away 
which hence consist of produced by the combmtion, raised 

to mch a high temperature that they her4mie self-luminous. 

If a jet of combustible gas be allowed to bum in air, it is deal 
that combustion can only occur where the gas and air are in 
contcict, i.e.,, on the outside of a jot, hence ffames are geneniUy 



Fn}. in’).— Hollow Htruuburu of a 
Flame. 



Fi(!. 117.— JJunsen 
I Junior. 


hollow, as may be seen by jdacing a piece of wire gauze over the 
flame of a candle or Bunsen burner (Fig. lib). 

Exit. 232. — Place one end of apiece of glass tubing into the 
middle of a Bunsen burner flame, or a cjindle flame. Slope the 
tubing upwards away from the flame, and apjdy a light. 

It will be found that the iiitonor of the flame consists of 
unburiit gas capable of combustion, which, from what has been 
previously said, is what we should expect. 

Exit. 233. — Light a Bunsen burner and examine the flame. 
Hold in it for a short time a piece of glass tubing. Now close 
the air holes, d, at the base of the burner (Fig. 117) and 
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observe the change in the appearance of the flame. Hold in 

the flame a piece of glass tubing, and observe what happens. 

It is thus found that closing the air supply at the base of the 
burner greatly increases the luminosity of the flame, while also 
soot (or carbon) is deposited on a glass rod held in the luminous 
flame. The increased luminosity appears, therefore, to be due 
to the presence of solid carbon, which becomes white hot or 
incandescent, owing to the high temperature of the flame. In 
general, also, when solids are present among the products of 
combustion the flame becomes intensely luminous, owing to the 
incandescence of the solid, whereas if the products are entirely 
gaseous the flame is as a rule not very luminous. Solids raised 
to a white heat are largely used for illuminating pui^poscs. The 
incandescent electric lamps consist of a fllament of carbon in 
vacuous globe raised to a white heat and made incandescent by 
m^ns of the electric current. It is important to notice that 
here there is no burning or combustion, since no oxygen is 
present. The Ihndight is produced by the incandescence of a 
block of hal'd lime, which is made white hot by the flame obtained 
by burning a mixture of coal gas and oxygen. In the incandescent 
gas light a network is fonned of some white incombustible oxide 
(the mantle), and this is heated by the flame of what is practically 
a Bunsen burner, and so m^&de white hot. It is similarly im- 
portant to notice that in the last two cases the lime and mantle 
do not bum, but are really heated by the burning gases. 

It must be emphasised, however, that although the i)resence 
of incandescent solid particles is a frequent and important cause 
of luminosity of flames, yet it is not the sole cause, as some 
flames are intensely luminous, although no solids are present. 
Many factors, indeed, influence the luminosity, as, for example, 
the temperature and the density of the gases. 

Oxidising and Reducing name.~It has been already seen 
that in the interior of the flame hot combustible gases arc 
present which are capable of burning, i.e., of combining with 
oxygen, and which can thus abstract oxygen from oxides and 
other oxygen compounds. It is said to be the reducing part of 
the flame. At the top apex of the flame, however, no com- 
bustible gases are jiresent, as all have been burnt, but there is 
present a quantity of strongly heated air which can readily give 
np oxygen. This part may be hence said to be the oxidising 
part of the flame. 
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Chief Points of Chapte’ . XV 

Iron gikinB in weight daring meting, taking some material from the 
air, and thie material is the part of the air ooncemed in bcToing. 

These facts were found out and established V)y the sei ies of experi- 
ments which the reader has, it is presumed, either perionued oi seen 
performed. 

Kitrogen is the inactive part of the air. It makes up 80 per cent, 
(rouuhly) of the atniospliere. It is a very inert element. It does 
not burn, nor will it allow «>thcr things to burn in it. It can be 
.made to unite with a few inetiils, such as magnesium and lithium, 
forming nilrUies. 

Argon is another very inert element, which was discovered in 1804. 
It makes up about I per cent, of the air. 

Oxygen is the active part of the air. When red oxide of mercury 
is heated it decomposes into mercury and oxygen. This gas can 
also be obtained by heating potassium-chlorate. The oxygen is 
given off from this substance more readily if it is mixed with man- 
ganese dioxide before being heated. The sidistauce loft after driving 
the oxygen out of potassium chlorate by heating it is called potas- 
sium chloride and is very like common salt. 

Oxides. — When some elements arc heated in oxygen they miite 
with it, forming oxides. 'J'hus — 

Iron and oxygen form Oxide of iron 
Phosphorus and oxygen fonn I'liosphonis pent-oxide 
Carbon and oxygon fonn Carbon di-oxide 
Sodium and oxygen form Sodium oxide. 

Some oxides unite with water to form acids which turn blue litmus 
red ; the oxide of phosphorus is an example. 

Other oxides unite with water to form an alkaline solution which 
has a soa])y feel ; the oxide of sodium is an example. 

Quantitative Character of Chemical Action. — It has been ft und 
that when the experiment of heating ^tassium chlorate is carefully 
performed a given quantity of this suostance always gives the same 
quantity of oxygen. 

Various Substances present in the Air. — Carbon dioxide generally 
present to the extent of 0 '04 per cent., or 4pai*tB of carbon dioxide to 
10,000 of air. This carbon dioxide is a very important part of the 
food of plants. Its presence is partly due to the breathing of animals. 

MoUtiire is always present. Its amount varies with the tem- 
perature. It is often deposited as dew. 

Ammonium compounds, oxides of sulphur, dust particles, and 
bacteria are to be found in the air in the neighhourhocKl of towns. 

Gain of Weight during Burning. — It lias been seen by perfonning 
experiments witli phosi)liorus, sulphur and inagneHiiim, tliat there 
is always a gain in weight when a substance is burnt. Thus, 
phosphorus gains about 128 per cent., sulphur 100 iier cent., and 
magnesium QQ'R per cent. 

Combnition and Busting. — These are essentially similar. The only 
difference is that* combustion is attended with the production of 
light, due to the high temperature to which the products arc raised 
by the heat of the ^emical action. 



232 


ELEMENTARY GENERAL SCIENCE 


CH. XV 


Questions on Chapter XV. 

1. Describe experiments which prove that air is composed of at 
least two gases. 

2. How would you show by experiments that only one part of the 
air is concerned in {a) burning, (ft) rusting ? 

3. Describe experiments indicating that rusting and burning are 
essentially similar operations. 

4. Describe briefly the sequence of experiments which indicate 

the existence of oxygen in air, and give a mode of preparation of. 
this ^s. * 

5. How is oxygen most conveniently prepared ? Give an account 
of its characteristic properties. 

6. What are oxides, and how may they be obtained ? 

7. How can nitrogen be obtained from the air, and what are its 
chief properties ? 

8. By what experiments may the presence of (a) aqueous vapour, 
(6) carbon dioxide, in the air be indicated. 

9. Describe experiments which prove that during rusting and 
burning an increase of weight occurs. 

iji. fl ow would you find the quantity of oxygen and nitrogen 
present in a given volume of air ? * 

11. By the combustion of different substances various oxides may 
be produced. Point out how by the action of water these oxides 
may be divided into two classes, and give examples. 

12. Descril>e (a) a direct, (ft) an indirect method of finding the 
weight of a litre of oxygen. 

13. What is argon ? How has it been obtained ? ^ 

14. To what are flam^ due ; what is a reducing ?iame, and what 
is an oxidising flame ? "" 

15. On what does the luminomly of a flame depend ? 

16. The gas obtained by burning a mixture of coal gas and oxygen 
is not very luminous. How may it be utilised as a source of intense 
light? 

17. What is meant by incandescence ? What is the cause of the 
incandescence jn (a) an electric lamp, (ft) an incandescent gas light ? 

18. What is the difference between an ordinary flame and that of 
a Bunsen burner ? 

19. Oxygen and nitrogen are the two chief ingredients in common 
air. State reasons for the usual belief that they are not combined 
together chemically. 



CHAPTER XVI 

WATER AND THE ELEMENTS COMPOSING IT 

Water. — We must next turn our fittcntion to and en- 
deavour, Jis we did in the cfise of air, to investigate its chemical 
composition, (fee. Let us briefl3' review what we already know 
of it. 

It is a clear Ihjuid with a blue-green colour, which is best seen 
by causing light to pass through a considerable length of water. 
It boils at 100"' C. , and is then converted into steam. It freezes at 
0'^ C., becoming ice. Its density, i,e,j mass of 1 c.c., is 1 at 4'^ C. 
and slightly less at any other temperature, owing to the fact 
that water expands when either cooled below or heated above 4r C. 
It has the power of dissolving many substanbes, e.f/., sjilt, sugar, 
iVrc., forming solutions from which the water may be evaporated 
away, leaving the solid behind. But these facts tell us nothing of 
the chemical nature of water because we have no changes in com- 
jjosition. Tlie water, present all the time, is not convei+ed into 
any new product. We must therefore try to get a new pitnluct 
from the water. We will first try the action of metals, and as in 
the case of our studies up(^n air, we will use iron first. If iron be 
left in water it is found to form a considerable quantity of nist ; 
but this may bo due to the air which we now know may be 
dissolved in water ; and if the iron be placed m water in a tube, 
this water, having been first well boiled to drive off the air, and 
the tube then sealed in a blow-pipe, the iron either does not rust, 
or does so to only a very slight extent. There is, therefore, no 
conclusion derivable from this experiment. Perhaps, however, 
if the iron were heated it might act on the water. 

Expt. 234. — Place some iron filings in the tube CA, and 
let the end A dip under water. To the end C fit a delivery 
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tube from a flask containing water previously boiled to drive 
off the dis.solve<l air. Heat the iron filings well, an^l boil the 
water in the flask so that the steam X)asBes over the heated 
iron and then into the water, where it condenses. Now x)lace 
over the end A an inverted test-tube of water, and note that 
the steam is not completely condensed, but that minute 
bubbles ascend to the top of the test-tube. When you have so 
obtained a sufficient (Quantity of gas (half a small test-tube), 
first remove 0 from the flask of water, then stop the boiling. 
Close the end of the test-tube with your thumb, and holding a 
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lighted match to the mouth, oj)en the tube. Observe that the 
gas hums. Examine the iron filings in the tube CA, and sec 
that a (xuantity of rust has been formed. 

Action of Sodium upon Water.— We see, therefore, that from 
the steam and iron we obtain iron rust, that is, iron oxide, and 
an inflammable gas. We must investigate this further, as it 
appofirs to show that the water contfiins this inflammable gas and 
oxygen. We must find something which has a more powerful 
action on oxygen than the iron. Such a substance is the metal 
sodium, which we have before used. 

Expt. 235. — Place a small piece of sodium in water in an 
evaporating basin, and observe the action. Feel the water left 
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affcur the Budium has all disappeared, and test it with litmus. 
Evapo]|ate away the water. Note the residue. 

In this ciiso we could only sec that the action W'as enei^etic 
and a new product was formed, while the soapy fool of the water, 
and the action on litmus, appeared to indicate that this iiroduct 
was that previously obt;iined when sodium burned in oxygen and 
.the fumes wore dissolved in water. We could not, however, see 
whether any gas ciime off, as the experiment was done in the 
open air and the sinlium floated on the surface of the v. ater. We 
must tlierehjre try to alter our experiment so as to collect any 
gas which may bo evolved. 

Expt. 23G. — l/*lace the sodium in a small piece of lead tubing, 
ilie ends of which are nearly closed, and drop into water (or 
place down over the sodium a thimble with holes in the top). 
A gas is seen to come ofi'. 

Collect this in an inverted tube 
full of water, and by this means 
obtiiin three test-tubes of the 
gas, and observe that it is 
colourless and odourless. 

Exi*T. 237. — Take out two 
tubes and hold th<mi for the 
same time, siiy, 30 seconds, 

(1) with mouth up, (2) with 
mouth down.^ Then apply a 
light to the i|iouth of both. 

The slight explosion of (2) 
shows it to contain an explosive 
giis, while the absence of any 
effect with (1) shows that the gas 
has di8;ippeared. Hence it is seen 
that the gas escapes from a tube held mouth upwards, but not 
from one held mouth downwards. It is therefore lighter than 
air, being in fact the lightest g,‘is known. 

Expt. 238. — Now try the 3kI tube, holding it mouth down, 
and place a lighted match up into the tube. Note that the 
gas does not explode, but biu*ns quietly, wliile the match is 
extinguished (Pig. 121). 



Fifj. 111). — Action of Sodium 
Water. 
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Prepaxation and Properties of Hydrogen. —From water 
and sodium we have therefore obtained an inilami^ablc gas, 
lighter than air, which does not support combustion, while there 
is also formed a solution which behaves like the solution of 
sodium oxide. The most natural inference is that the water 
contiiins this inflammable gas which we call hydrogen, and 
oxygen. Before proceeding to verify this, which we must do, 
it will be well to examine more carefully the properties of the 
inflammable gas, and to do this we should collect it in greater 
(Quantity than liithcrto. For this purpose we must act upon a 
metal with a dilute acid instead of water. 

Exit. 23t).— Select a flask and fit it up as is shown in 
Fig. 120. Be very careful that the stopper and the tubes 
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respectively fit very closely. Into the flask puf enough granu- 
lated zinc to cover the bottom. Pour some water upon the 
zinc. Arrange the delivery tube in the trough as you did 
when you wore making oxygen. Pour a little sulphuric acid 
down the thistle-headed acid funnel, and be quite sure that 
the end of the funnel dijjs beneath the liquid in the flask. 
Do not collect bottles of the gas until you* are sure pure 
liydrogen is being giveii ©AT, which you can find out in this 
way. Fill a test-tube >ith water and invert over the end of 
the delivery tube. When it is full of gas, still holding it 
upside down, take it to a flame (which should not be near the 
flask you are using) notice that there is a slight explosion. 
Continue this until the hydrogen bums quietly down the 
test-tube. When this happens you may proceed to fill one 
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or two bottles. Wlien the bottles have been filletl, it is l)ettet‘ 
not to roiiKjve them from the water tin til you want to use 
them. * Collect *Uso a soda-water bottle half full of the gas. 

Expt. 240. — Tost one jar of the gas by means of a lighted 
match or taper as in Expt. 238. Observe tluit the ^^as 
bums around the mouth of the jar but that the tajier is 
extinguished, but on being taken out, again becomes alight on 
passing through the flame of the burning hydrogen (Fig. 121). 



Fio. 121.— ITydrogon buniH, but Fm. 122.— Illustration of Low 

extinguishes a Flame. Density of Hydrogen. 


Expt. 241. — Take a full jar of the gas and hold it mouth 
upwards below a second smaller jar held mouth downw^ards as 
shown in Fig. 122. On testing with a lighted taper observe 
that the gas has left the lower jar and filled the upper. Many 
experiments, as the filling of balloons or soap bubbles, may 
also be performed to demonstrate the extremely low density 
of hydrogen. 

Exi»t. 242. — Wrap your hand well in a duster and with it 
hold the soda-water bottle. Take it out of the water so that 
the water runs out, and the bottle is now filled with a mixture 
of hydrogen and air. Apply a light and you will not fail to 
observe that an explosion results. 

Expt. 243. — Apply a light to the end of the delivery tube 
and allow the hydrogen to bum. Observe that i|^ bums with 
a pale blue flame, which after a time becomes yellow. As 
this colouration does not occur however until the glass becomes 
hot, we must regard it as due to the glatw. 
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We have now a means of obtaining hydrogen in considerable 
quantity, ;ind have observed that it is a colourless, odourless 
gas, considerably lighter than air, which does not 8Ul!^)ort com- 
bustion, but which bums itself, and which with air forms a 
highly explosive mixture. 

Production of Oxide of Hydrogen. —We must next endeavour 
to obtain and to examine the com])ound whicli is ])roduced by 
the burning of hydrogen, that is, the oxide of hydrogen. 

Expt. 244. — Arrange a fiaskas before for the }>v<Kluction of 
hydrogen. Pass the gjis through a tube containing chloride of 
calcium in order to th(fl*6ughly dry it. Allow it to burn under 
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a reb)rt which is kept cool by a stream of water flowing in at 
the tubule and out at the end of the neck (Fig. 123). Observe 
the formation, on the side of the retort, of a clear liquid 
which collects and drops into a beaker placed to receive 
it. By this means sufficient of the liquid can be obtained to 
identify it, especially if a number of students all.work together 
and add the liquids. 

Expt. 245. Take the density, freezing point (a mixture of 
sodium sulphate and hydrochloric acid forms a very convenient 
freeziijg mixture), and boiling point of the liquid. You will 
find these are 1, 0' C., and 100*^ C. respectively, a result which 
is sufficient to enable us to state that the liquid is identical 
with pure water. 
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Wo liavo hence comploiely proved our jirevious ideas to be 
correct, for we had been led to believe t?*at water contained 
hydrogenSind oxygen. Wo have found it is an oxide of hydrogen. 
Hence we may now say Hydrogen in burning produces water 
which is, therefore, an oxide of hydrogen. 

We should next examine the flask itself which we used for the 
})re|wration of the hydrogen in or<ler tt> see whether any other 
l)roducts have been formed, and to And (iut what has become of 
the zinc. 


Expt. 246. — Filter oflf the liquid in tlie flask from the un- 
dissolved zinc (suflicient zinc should be used t.o leaveaqiaintity 
still undissolved ; if all hfis disappeared add more and wait till 
the action ceases). Partially evaporate the licpiid and allow it 
to crystallise. You will find that a quantity of clear colour- 
less crystals are formed. Examine them and sketch the most 
perfect. Heat some of the ciystiils in a tube and observe that 
they melt, give oflT water (which can be collected and proved 
to be water), and leave a white iK)wder. 


These crystals are a compound formed from the zinc and part 
of the sulphuric acid, and are known as ::inc snlphate. Many 
crystals behave similarly on heating, t.c., lose water 


which they previously contained, and become con- 
verted to a powder. The water contained in a 
crystal and evolved pu heating is known as imter 
uf aydallimtion. Wo may therefore state sul- 
phuric acid and zinc form hydrogen and zinc 
sulphate. 

Proportions of Oxygen and Hydrogen in 
Water. — We must next endeavour to find the 
proportions in which the oxygen and hydrogen com- 
bine during the formation of water. We may do 
this in either of two ways, viz., by finding the 
weight of the gases or by finding the volume of 
the gases which combine. For the latter it is 
necessary to measure out definite volumes of oxygen 
and hydrogen, cause them to combine, then measure 
the volume of gas which remains uncombined and 
ascertain which gas it is. This is usually done in 
a piece of apparatus known os an Eudiometer 
(Fig 124.). In its simplest form this consists of a 
long glass tube closed at one end and graduated in 



Fig. 124.— 
Eudiometer. 
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equal volumes, usually cubic centimetres, by divisions marked 
on the glass. Through opposite sides of the tube atrthe closed 
end pieces of platinum wire are passed and fusedl^ into the 
glass, being so arranged that they do not quite touch one 
another. Outside the tube the platinum wires are bent into 
loops to which wires from an electric coil may be attached. 

Ooxnposition of Water by Volume.— To use the eudiometer 
it is first completely filled with mercury and inverted over more 
mercury contained in a trough. A suitable quantity of pure 
dry oxygen is then bubbled into the tube and the volume (after 
the necessary corrections for temperature and pressure) is 
recorded. Pure dry hydrogen is next bubbled into the tube, 
using a considerable excess of one or other of the gases. The 
volume is again recorded (with necessary corrections as 
before) and then, keeping the eudiometer firmly pressed upon a 
sheet dt india-rubber, or felt, at the bottom of the trough, the 
gases are made to combine by causing an electric spark to pass 
between the platinum wires inside the tube. As soon as the 
spark passes, the two gases combine, with a fiash of light. The 
eudiometer is slightly raised from the india-rubber (but of course 
not above the mercury in the trough), and it is^ that the 
volume of the gas in the eudiometer is less ^thjua before the 
explosion, and that there is a film of moisture upon the interior 
of the tube. The corrected volume is again recorded and the 
nature of the gas ascertained. We then find the volumes of the 
gases which have combined in the manner indicated below ; — 

Corrected volume of oxygen ... 12 c.c. 

Corrected volume of mixbd gases ... 50 c.c. 

Therefore corrected volume of hydrogen = 38 c.c. 

Corrected volume after explosion — 14 c.c. 

Gas left ascertained to be flydrogen. 

Hence the 12 c.c. of oxygen united with (38-14), i.e., with 
24 C.C., of hydrogen, and we find this result always obtains, 
namely, 2 volumes of hydrogen combine with.l volume of 
oxygen to form water. 

If instead of doing the experiment in the above manner the 
eudiometer tube be kept heated above 100° C. during the experi- 
ment (by surrounding it with a larger tube through which the 
vapour of some boiling liquid was passed), it would be further 
found that the steam produced from these 3 volumes of oxygen and 
hydrogen would only occupy 2 volumes. 
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Such a process as this, the fomuition of a compound fr(»ui 
eleiiients^r from simpler materials, is known as a Bynthesis. 

Wo might also find the reiiuired ratio by the analysiB of 
water, that is by breaking it up into its com|K>iicrits, which we can 
do by passing an electric cui*rent through it. 

Expt. 247. — This may be done by means of an electric 
battery for generating the electric cunent and a Toltameter. 
. The latter is most simply made by closing the bottom a 
* funnel by means of a tightly fitting cork through which pass 
two platinum wires with small phitos of platinum atbiched to 
the ends remaining in the funnel (Fig. 125). Over these 



\)lates arc supported two glass tc8t-tut)e8, afJd' flio iilb^ and 
part of the funnel arc filled with water ^to w li^li^ Haj^ bfeen 
added a little sulphuric acid, as otherwise it offo^jg great resist- 
ance to the electric current. The wires fron>a 1^^^ of'tljree 
or four ceHs are connected witb^thejcnds'of the platinui wires, 
and as soon as the comiection '^itb*\he bdttery is complete, 
provided there is clean metid at eyeiy jijnction, bubbles of gas 
are seen to rise from each platinum plate and to ascend into 
the tube and displace the contahied liquid. After the 
experiment has gone on for half-an-hour, the gases may 

B 
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be tested and their volumes measured. It will be found that 
the volume of one gas is double that of the other, V and that 
the gas of which there is the larger amount is hydrogen while 
the other is oxygen. 

This experiment again proves what was found by synthesis, 
viz., that 2 vols. of hydrogen combine with 1 volume of oxygen, 
and further, it may be noticed that these experiments also i)rovc 
that water is solely formed from these two gases, and contains 
no other constituent. 

Composition of Water by Weight.— We must now endea- 
vour to find the composition of water by weight, that is, the 
weights of oxygen and hydrogen which combine to form water. 



To do tblfl it dfiOuld be noticed that we only require the weights 
of ^0^ owt of ^e^ substances concerned, i.e.y if we know 
the wc^y^lp water (or of oxygen and water), the 

weight ef th^, o^iygen (or hydrogen) is readily calculated* The 
exper^eeff is done by finding the weights of the oxygen and 
waj^i*a;p^|Qr^thi 9 it is best to use not oxygen itself, ,1l^ut some 
oxide rteadfty g^es up its oxygen to the hydrogen, so that 
by weiring the And after the exx)eriTnent we can 

ascertain the weight of <bxygen which it has lost. The oxide 
used for this purposes oxide of copper, a black powder. 

Ml • 

Expt. 248. — In the^lass tube AC (Fig. 126) place a small 
porcelain boat containing copper oxide, the boat and oxide being 
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previously weighed. To the end ("J attach a U-tube containing 
calciunj^ chloride, a substance which, we have already seen, 
readily absorbs moisture. At A attiich a tube, as showi^ by 
means of whicli dry hydrogen, as in Exi)t. 244, may be ])asse(l 
through the tu>)e AC. The of calcium chloride ftiust 

be carefully weighed before the experiment. When the hydro- 
gen is passing, heat the tube AC, and observe that the black 
colour of the copper oxide changes to the red colour of metallic 
. copper, and that water collects in the Take care 

that no condensed water remains in AC ; if any is juesent, 
heat it and drive it over into D. Allow the tube to cool, dis- 
connect, and weigh the boat of oxide and the U"tnbe again. 
Enter your results thus : — 

Wt. f)f U-tnbe after experiment 36*473 grams 

Wt. of U-tube before experiment 35*821 grams 

Wt. of water produced 0*652 grams 

Wt. of boat of copper oxide before experiment ... 5* 5(52 grams 
Wt. of boat of copper (fidde after experiment ... 4*082 grams 

Wt. of oxygen .... 0*580 grams 

The weight of oxygen is 0*580 gram, and that of tho water 
produced from it is 0*(552 gram ; thei*efore the w'eight of 
hydrogen must bo 0*652 - 0*580 gram, that is, 0*072 gram. 
Write, therefore : — 

Wt. of water 0*682 grani * * 

Wt. of oxygen 0*580 gram 

Wt. of hydrogen . . . 0*072" gr^ ^ ^ 

“ * ^ ^ 

Therefore *072 gram hydrogen combines wijili.;580gram of oxy- 
gen, and hence 1 gram hydrogen combines witli-^^ = 8 grams of 

*0^2 

oxygen. 

If the experiment is carefully jperformed this is the result 
always obtained, so that we have found that Water is formed of 
eight-ninths its weight of oxygen with one-ninth its weight 
of hydrogen. 


E 2 



244 ELEMENTARY GENERAL SCIENdE chap. 

This experiment, also taken in conjunction with the previous 
experiments upon the volumes of the gases, proves filj^ther that 
one volume of oxygen is 16 times as heavy as the same volume 

of hydrogen, so that 1 litre of hydrogen weighs that is, nearly 

*09 gram (accurately *0896). 

Natural Waters. — Water dissolves a larger number of things 
than any other liquid, and is in consefiuence of the greatest use 
to chemists. This explains why we cannot find pure water iji 
nature. No sooner has the rain formed than it begins to 
dissolve various substiiiices ; in its passage through the air it 
takes up varying amounts of the constituents of the atmosj)liei e, 
such as carbon dioxide and oxygen, and when the surface of the 
earth is reached the water dissolves out of the soil and the under- 
lying rocks portions of all the soluble ingredients. The most 
soluble bodies are naturally dissolved to the largest extent. It 
will J)e seen later that the solvent i^roperty of water is consider- 
ably increased by the presence of the carbon dioxide it obtains 
in part from the air. When the amount of material dissolved 
in water is very great it gives a distinctive character to the 
liquid, which becomes known as a mineral water. Those natural 
waters which contain a compound of sulphur and hydrogen, 
called sulphuretted hydrogen, are spoken of as snlphur-mtler, if 
some comj)ound of iron is the substance which has been Liken 
up ill large quantities, we have chalybeate waters formed. 
Effet'vescent waters have a groat amount of carbon dioxide 
dissolved. 

Expt. 249. — Completely fill a flask with Water and attach a 
cork and delivery tube, dipping under a jar of water inverted 
in a trough. Heat the flask and observe that dissolved mr is 
driven out. •Collect the air and see that, since it sui)ports 
(lombustio^, 'ih contains oxygen. Prove also (by means of * 
\ liifl^wat^r) that it contains carbon dioxide. 

Hard;EUld Soft. Waters. — It is a fact familiar to every one 
that Soap lathers "oery easily in some waters and not at all in 
others. If rain-water be used^ the lathering tak^s place with 
great ease, while with the watec which is sujjplied to some towns 
a lather can only be made wilh^ifS(fulty ; and if we attempt the 
same process in sea- watdh^ there is no lathering at all. Those 
miters in which soap lathers easily a/re said to be soft When such 
is not the case the water is spoken of as ha/rd. 
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Temponury and Permanent Hardness.— Hard waters differ 
among tlyinselves. Some can be softened by mere boiling, and 
wlion this is so the hardness is said to be temporary. If the 
liardness is not removed after the water has been boiled, and 
the water requires the addition of a chemical to sotiien it, such 
hardness is termed permanent. 

Expt. 250. — Filter and then evaporate to dryness some 
• samples of a water which you have found to be hard. Observe 
a wliite solid is loft. Add to tliis white solid a little hydro- 
chloric cacid. Observe that it effervesces. 

Exit. 251. — Filter and then evaporate samples of soft water, 
if any are obtjiinable. You will most probably find that very 
little residue remains and thjit no effervescence results on the 
addition of acid. 

Hence the hardness of water is due to some white solid 
dissolved in the water, and this solid effervesces on the juldition 
of acid. 

We shall return to this in a later chapter. 


Chief Points of CiiArTER XVI. 

Water is a clear liquid with a blue-green colour. It l)oils |it 100“ C. , 
when it is converted into steam. It freezes at 0° C., becoming ^ce. 
Its density at 4" C. is 1. It possesses greiit solvent power. ^ ^ 

Hydroges is contained in Water. — This has been found by Vvwng 
heated iron tq drive it out of the water, when the iron combinelt with 
the oxygen which is left, to form oxide of iron. Sodium turiia*the 
hyilrogen out of water at ordinary temperatures. The hydrogen 
can be collected and examined. 

Preparation of Hydrogen. — Hydrogen is best prepared by acting 
upon a dilute acid with a metal. Sulphuric acid and zinc were 
found to Ikj suitable. . 

Sulphuric Aci^ and Zinc foum^ aydrogen and Zinc Suljthate. 

Propertiee of Hydrogen. — H is a c*olbu|^Jess, odourless gas, con- 
siderably lighter thafi air. doc^ npt, support combustion, but 
itself bums in air. It foHns an explosdValhixture when mixed with 
air. « 

Production of Oxide of«^y^drogen. — By" collecting the product of 
combustion when hydrogen is Imrat, and examining it, it is found to 
be a clear liquid "with density 1, boiling point 100® C., freezing 
point 0® C. The product, or oxide of hyclrogen, is thus seen to be 
really water. Hydrogen in hurtling producen vmter vMch there- 
fore, an oxide of hydrogen. 

Composition of Water by Volume. — This can be determined by 
means of an Eudiometer, into which known volumes of pure dry 
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oxygen and hj’^drogon are bubbled after the eiidiometicr has been 
611ed with nKjrcury and inverted in a trough containing ^he same 
liquid. Wlien an electric spark is passed through the mi3urc parts 
of tlie gases combine ; aqd the experiment, w^hen performed as de- 
scril^ed in tlie chapter^ shows that two tH>lumes of hyd/rofjen comhina 
icith one volnnut of oxygm to form water. This process of building 
up a compound from its elements is called synthesis. 

The opposite process of splitting a compound up into its elements 
is called analysis. The analysis of water is effected by passing an 
electric current through water contained in a voltameter. The 
result of such an experiment is precisely the same as that obtained, ‘ 
by synthesis, witli the eudiometer. 

Composition of Water by Weight. — Pure dry hydi ogen is passed 
over lieated oxide of copper. The hydrogen combines with the 
oxygen of the oxide, forming water, and leaves the metallic copper 
behmd. The water formed is collected and weiglied. The copper 
oxide is weighed before and after the experiment. Its loss in 
weiglit tells us the amount of oxygen in tlie water formed. The 
difference between the weight of the water formed and the oxygen 
it contains tells us the w'eight of the hydrogen in the water. Wlien 
carefully perfonned, the experiment shows that water in formed of 
ei(fht-%inthn its weight of oxygen and one-ninth its loeight of hydrogen. 

Natural Waters generally contain dissolved materials. When the 
amount is very largo the water is called a miners water. Natural 
water* containing sulphuretted hydrogen are called fndphur-9vcUera ; 
those cfdtaining compounds of iron are called chalybeate waters ; 
and those containing much carbon dioxide are spoken of as effervescent. 

Hard and Soft Watero. — Those waters in which soap lathers easily 
are said tpJbe soft. When such is not the case the water is spoken 
of as hard. 

* Hard waters whi<3i can be softened . by boiling are said to have 
only t^jwrary hardness. If the watei^ cannot be thus softened, but 
requit& tbe addition of a chemical, its hardness is said to be 
perfhanent. « 


Questions on Ciiaptek XVI. 

1. What is the composition of w^r ? Describe experiments by 
which its composition by volume ml^ be found. 

2. By what means is hydrc^;ea fllhst conveniently obtained ? What 

are the principal properties ^ gas ? . 

.3. Give diagrams an^va^lMlrk deserq^op of an experiment to 
prove that water is prodjii^ea by the combustion of hydrogen. 

4. Describe the prepas^ion and coUqptlbn of hydrogen by the 
action 6f (a) sodium, (b) iron, on watei^ AYhtit other products are 
also formed ? How would you idit’bili each gf the products ? 
Describe briefly their various character^ ^ 

5. In the preparation of hydrogen frqm zinc and sulphuric acid, 
what other prcxluct is formed ? How would you separate it from the 
liquid ? Describe briefly its appearance. 

6. Describe three experiments to show the most characteristic 
properties of hydrogen. 
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7. If twpAty volumes of hydrogen and twenty-five volumes of 
oxygen bimixed in an eudiomfiter and exploded, wliat volume of gas 
would bereft, and how would you show which gas it was ? 

8. What is the action of hydrogen on hetfted co])per oxide ? How 
can this action be used to find the compositidli of water by weight ? 

9. What tests would you apply in order to <lctermine whether a 
given colourless, odourless, tasteless liquid tos w’ater or not ? 

10. What is meant by “hard ’’and “soft” water? How would 
you determine which of two samples of water was the harder ? 

11. In what respects do natural waters diflFer from jmre w’ater, and 
bow are the differences brought about ? 

12. How could you prove that some w^ater is produced during the 
combustir)!! of coal gas ? 

13. What is an eudiometer? Give a sketch of one and explain 
for what purposes it may be used. 

14. How would you prove that when hydrogen is passed over 
heated copper oxide something is taken away from the latter 
compound ? 

15. You are required to prove experimentally that in 1 he previous 
question the part abstracted is really oxygen. How would you 
endeavour to do so ? 

16. Describe the apparatus you would use for the production and 
collection of hydrogen gas ; name the materials required and 
descrilic the propei’ties of the gas. 

17. Write down what you consider to l>d the physical 'Siiiid 

chemical charapteristics of waiter, that is, the ^opdHies" ^hich 
possessed by JW^ater, but bj^ no other substaneja. y i. 

18. Describe a metlwMl of liberating hydU^gm frdfit^tdr 

a red heat ; (b) at ordinary temperatm^ ' 



CHAWER XVII 

SITLPnUK AND ITS COMPOUNDS 


Physical Properties of Sulphur. — It will bo well to first 
caref^ly examine the physiftil proiHjrties of sulphur. It is a 
brittle, yellow solid, which may be 



Pro. 127,— How to determine the 
Melting Point of Sulphur. 


easily reduced to a line powder. 
It is insoluble in water, but as wo 
have already seen, it is soluble in 
cjtrbon disuljdiide (Expt. 208). It 
also dissolves to a slight extent in 
turpeiitino. When heated it melts, 
and the melting ijoint, ?.e., the 
temperature during melting, may 
be determined in the following 
manner 

Exm. 262. — Draw out, in a 
blow-pipe flame, a piece of ghiss 
tpibing so as to make a small thin- 
"^alled tube, about 2 or 3 inches 
vjong and *1 inch in diameter. In 
ting place some finely powdered 
%flp]iur and fix the tul>e to the 
iftilb ()f the thermometer (it will 
|Jrolpibly stick to it if moistened ; 
if not, platinum wire is best). 
Place the thermometer bulb with 
the lower part of the tube in a 
beaker of sulphuric acid and heat 
it gmtly. Watch the sulphur 
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carcfull^/and directly you flee it to bo nieltinfij note the 
teinpe:^ure recorded by the therm ometei*, tKiSft is, the meltinjof 
point of the Huli)hur. You will find it to be about 114° 0. 

Effects of Heat upon Sulphur. — The effect of 'aising t^ie 
temperature above the melting point should be also observed, 

and the following exi>eriments should be catefblly performed. 

*■ 

Exi»t. 2.5.‘h— Put some finely powdered sul])hur in a tost- 
• tube, using sufficient b) fill the test-tube to a height of about 
li to 2 inches, and lieat very carefully in a smnll flame. 
When all has melted jiour a littlo- into cold water. (Continue 
heating tlie remainder until the ]i({uid boils, and again jiour a 
little into cold wrater. Examine the cooled products. 

Tf you performed this experiment with care and have observed 
the tube continuously, you should have found tliat the sulphur 
melts, at first, to a clear yellow mobile liquid, wdiich when poured 
into cold W'ater solidifies to the ordinary yellow sulphur. On 
further heating, how^ever, the lujuid get-s much darker and 
thicker, becoming so viscid that the tube may even be inverted 
without the li<pnd running out ; this occiu-s at a temperature of 
about 2.5(1° 0. At higher tem]K.u*atures still, it again becomes 
thin and mobile and finally boils, giving off a dark orange-red 
vapour which condenses to an orarfge liejuid or to a yellow' 
])owder, or which bums at the mouth of the tube with a jmle 
blue flame, and the ch;u'acteris£ic smell of sulphur dioxide. 

Varieties of Sulphur. — The boiling sulidiur when suddenly 
co(ded by cold water forms a remarkable product, as it may now 
be pulled about like a])iece of caoutchouc, which indeed it closely 
resembles in appearance. It is called Plastic Sulphur. 

Exi"T. 254. — T^lace tlie piece of di*y plastic suljdiur, previously 
weighed, on one side juid examine again after a few days. You 
will find that it hiis returned to the (irdinaiy modification, l)ut 
that its weight ier unchanged. 

Hence, plastic siil])hur, although so different in its appearance 
and physical i)ropeitios, really consists of nothing but sulphur. 

On the surface of the water, into which ycni poured the boiling 
sulphur, you will probably have observed a quantity of a very 
fine yellow powder, juid this consists of sulphur which has con- 
densed directly from the gaseous to the sedid state without form- 
ing the intermediate liquid, and is known as “flowers of 
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tiiilphur.” Sulphur is usually brought into commoi^e either iu 
this form or as long solid rolls, both forms bein^ obtjvinwl 
from a crude natural pin^duct which chiefly occurs, mixed with 
mineral impurities, in the volcanic regions of Italy and Sicily. 
The impure material is heated, and the melted suljdiur is run 
off from the earthy^ impi^ities. It is then again melted and 
cast in cylindrical ttcJuMs to obtain the roll suli)hur ; or, it is 
strongly heated in retorts, so that it boils and the vapours are 
allowed to copdenSt) in a large cooled chamber, where they collect’ 
upon the^ walls and floor in the form of “ flowers of sulphur.” 

Sulphur also occurs naturally in the combined state, the most 
important of its natural compounds being the sulphides, ?*.e., 
compounds of sulphur with metals — and many of these are 
important om, i.r., are the natural comiiounds, from which we 
obtain the metal itself — for example, copper pyrites, galena or 
lea^^phide, blende or zinc sulphide, A'c. 

]^XPT. 255. — Heat a little iron pyrites in a test-tube. 
Observe melted sulphur on the walls of the tube, and a 
strong smell of sulphur dioxide. 

Crystallme Sulphur.— Besides the two varieties of sulphur 
we have alrejidy observed, we may obtain sulphur in the crys- 
talline form by two different methods. 

Expt. 256. — Dissolve somej^sulphur in carbon disulphide 
and allow the solvent ^ slowly evaporate. Examine the 
crystals produced and sketch the most perfect. 

The crystals so obtained 'dre 8-sided, and belong to what is 
known as the rhombic syfftem. The ordinary roll sulphur consists 
of minute ciystals of this form. 

Exi'T. 257. — Place some sulphur in an evaporating basin 
arid heat carefully. When all has melted allow it to cool 
slowly, and as soon as a solid film has formed over the surface 
quickly pierce two holes in it, and through one of them pour 
out the interior liquid sulphur. Take up the top crust and 
examine the mass, which will be found to consist of a number 
of beautiful, needle-shaped, yellow, translucent crystals. 

The crystals thus obtained are quite different from those 
produced in the previous experiment, and belong to what is 
known as the system. 
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ExptjoS. — A llow these crystals to remain in air for a few 
<lftys» examine again. 


They will be now found to have become oi>aque, and L *ve 
in fact clninged to the ordinary form of sulphur, #'‘ich crys-al 
becoming converted to a number of minute rhombic crystals. 

Allotropy. — We have now formed at least three modifications of 
sulphur, viz., the rhombic, monoclinic, and plastic sulphur, all 
•consisting solely of sulphur. This property, which some elements 
possess, of existing in different forms is known as allotropy, and 
the several modifications arc known as allotrrpie A fourth 

allotropic form of sulphur also exists : a white powder insoluble 
in carbon disulphide, and which is jiresont in flowers of sulphur. 

Oxides of Sulphur. — We have already learnt tliat sulphur in 
burning combines with oxygen to form an oxide which wc call sul- 



Fio. 128 . — Preparation of Sulphur Dioxide. 


phur dioxide, and which we know to be a colourless gas with a 
very pungent smell, soluble in water, forming an acid solution 
(p. 222). As, however, when so prepared it is always mixed with 
air or nitrogen, we must obtain it by some other method in order 
to have it in a purer state. 
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Expt. 259. — Place a little copper in a tefit-tuiki.Nwith some 
strong sulphuric acid. There is no action. Hea^Y^hc tube, 
and observe the smell of sulphur dioxide. 

Expt. 260. — Tn a flask fitted with a cork and delivery tul)e 
place some copper turnings and some strong sulphuric acid, 
and heat over wire gauze by means of a Bunsen flame. As 
the gas is soluble in water, it cannot be collected in the same 
way as hydrogen and oxygen. Being heavier than air, lu^w- 
ever, it may be C(jillectod in the manner shown in the diagram 
(Fig. 128). Obtain by this means two jars of the gas. 

In (1) ydace a lighted Laper, and in (2) a ])iece of moist red 
flannel pr a coloured flower, allowing it to remain for some 
time. 

PropjBrties of Sulphur Dioxide. — By these experiments you 
will liavo learnt that the gas does not bum, does not support 
conibustion, and that it has the power of bleaching vegetable 
ooloui’s. This inipoi'tant property is largely made use of in 
technoTogy, tlui gas being employed for bleaching, especially for 
delicate materials such jw? straw, silk, &c. 

Sulphurous Acid and Sulphites.— Expt. 261 .— Using the 
flask you have already fitted for the preparation of the gas, allow 
the sulphur dioxide to bubble through a solution of caustic 
soda, which, we have already seen, has the power of turning 
red litmus blue, and is called an alkali. Observe that the gas 
is absorbed, and that after a time the li(iuid smells of the gas 
and has become slightly acid. Boil the solution and observe 
that tlie smell disappears, showing that the gas is expelled by 
heating, while by further evaporation a white solid is ulti- 
mately left. Examine this solid j which is evidently soluble 
in water, and satisfy yourself that it is not caustic soda, having 
no action on litmus. Add to it a little sulphuric acid and ob- 
serve the smell of sulphur dioxide, indicating that this was 
previously contained in the solid. 

The formation of this solid is an example of the production of 
a salt, and we shall find later that many other sfilts are formed by 
amvlogous methods. The salts produced by neutralising sulphur- 
ous acid, as the solution of sulphur dioxide is called, are known 
as sulphites, and the particular salt we have thus prepared is 
sodium mdphite. All the sulphites are characterised by their 
proiKirty of giving off sulphur dioxide when acte<l upon by sul- 
phuric or other strong acid. 
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Expt^^JB 2. — The flask which contained tho copj)el* and 
sulphuric acid shoidd next be examined. ^ It will be observed 
that most of the copper has disiippeared, and the contents of 
the fl.isk have a black colour. Add some water, shake Well, 
and filter, when a blue liquid is obtained. Evaj.orate tj.is 
partially, and put aside to crystallise. It will be found that 
blue crystfds are so obtained. 

Those crystals are what are known commercially as blue riirkd, 
file chemical name being mdphate of copper. We may therefore 
stiite that Copper and sulphuric acid produce sulphur dioxide 
and copper sulphate. 

Sulphur Trioxide and Sulphuric Acid.— Although sulphur 
dioxide does not bum, yet by suitable means we ctin make if 
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I'la. 129.-~l*rciiaration of Suli)liiu’ Trioxidc. 


combine with more oxygen and produce a higher oxide, which is 
known as sulphur trioxide. 

Exrr. 2(>3. — In the tube AB place some platinised asbestos,^ 
and pass through the tube a well-dried mixture of sulphur 
dioxide and oxygen or air, the gjises then being li^ into the 
cooled tube D. Heat the tube of asbestos, and note that 
white fumes are formed which condense in the cooler flask to 
form a white powder or crystals. , 

> 

This i)owder is sulphur trioxide, and we may now state 

Sulphur dioxide with oxygen forms sulphur trioxide. 

I This is prepared by dipping asbestos fibres into (1) ]^linic chloride solution, (2) 
ammonium duoride solunon, and heating strongly. this moans the asbestos 
becomes coated with a quantity of very ^ely mvide^platlnum. 
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Expt. 204. — Add a little water to the 
and test the liquid with litmus papers. 


SCIENCE 
3 tiioxide vg 


the flask, 


The sulphur trioxide dissolves very readily in water, evolving 
much heat and producing a hissing sound during solution. The 
solution 80 obtained is strongly acid, being, in fact, sulphuric 
acid. 

Expt. 266. — Heat the solution in an evaporating basin, and. 
also, at the same time, in another evaponiting basin, heat 
( some dilute sulphuric acid, continuing the heating until thick 
white fumes are obtained, and satisfy yourself the liquid is 
sulphuric acid. 

Sulphuric acid. — This very importjint compound, known also 
aa oil of xntHol, must be examined, as it is one of the most im- 
pf||dAnt and useful of chemicfil products, being of the greatest 
service, not only in purely chemical operations, but also in various 
industfial and manufacturing j^rocesses. 

It is a heavy, oily liquid, which, when strongly heated, boils 
at 335*^ C., and gives off a quantity of choking, pungent, white 
fumes, as lias been observed in Expt. 266. It mixes with water 
in all proportions, and produces during the solution so much 
heat that the temperature may rise above 100'^ C., the boiling 
point of pure water, so that caro has to be taken when sulphuric 
acid and water are mixed. It absorbs moisture from the air or 
from moist gases, and on this account is very frecpiently used 
for drying gases (Expt. 229), and, owing to the same allinity for 
water, it chars organic matter, such as wood, &c. 

Expt. 266. — ^In a little strong sulphuric acid place small 
pieces of wood, cloth, &c., and. observe the effect. 

Like most other strong acids, it bums the skin and destroys 
cloth, so that care must be always taken in its use. 


Action of Sulphuric Acid on Metals.— Its action upon 
metals has been already seen : with some metals, e.g., zinc, it 
reacts when cold and dilute, liberating hydrogen and forming a 
sidphate of the metal ; with others, e.gr., copper, it has no action 
until heated, when it produces a sulphate^ but with the liberation 
of fndphiir dioxide. 

We can understand the latter action if we remember that the 
sulphuric acid may be regarded as sulphur trioxide + water. 
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The hydroiKi that we should have expected to be liberated has 
then abf^mcted some of the oxygen from this trioxide and so 
liberated the dioxide. 

Sulphates. — With alkalis sulphuric acid also forms salts; just 
as was found in the case of sulphurous acid. 

Expt. 267. — ^To a little sulphuric acid, in an evaporating 

dish, add drop by drop a solution of caustic soda, until the 
. liquid has only a faint acid action. Evaporate partially and 
• allow to crystallise and observe that colourless crystals are 

obtained. 

These crystals arc known as sodium solphute, the salts obtained 
from sulphuric acid being called sulphates just as those from 
sulphurous acid were called ittdphites. We have already i>re- 
pared three sulphates, viz., sodium suli)hate, zinc sulphate, and 
copper sulphate, the last of these being distinguishable by its 
fine blue colour. 

Manufacture of Sulphuric Acid. — Tn the manufacture of 
sulphuric acid on the large scale, sulphur dioxide is first obtained, 
usually from ii*on pyrites (Expt. 255), The sulphur dioxide is 
then oxidised, but for tliis purpose a compound of nitrogen and 
oxygen is used — ^known as nitrogen peroxide — which readily 
gives up its oxygen to the sulphur dioxide, being itself converted 
to a compound of nitrogen and oxygen which contains less 
oxygen than the peroxide, and is known as nitric oxide. This 
nitric oxide, however, has the property of taking up oxygen 
from the air and becoming recemverted to the peroxide, which can 
^ain give up the oxygen to more sulphur dioxide, and thus acts 
as a carrier of oxygen from the air to the sulphur dioxide. 
Hence, in the presence of steam, sulphuric acid is fonned. The 
sulphur dioxide, oxides of nitrogen (obtained from nitric acid), 
steam and air are passed into large leaden chambers where the 
reactions indicated above take place, with the production of 
sulphuric acid, which collects on the floor- of the chambers and is 
afterwards concentrated by distilling off the water from glass or 
platinum retorts. ^ 

Sulphides. — We have already found that copper and sulphur 
on being heated together unite to form a compound known as 
copper sulphide. This experiment should be again performed, 

I It may be here stated that in reality the reaction is more compbx than that 
indicated above, the formation of intermediate products having been neglected and 
only the final piquets considered. 
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using iron in place of copper. By this means we l^tain a 
gray solid, iron sulphide^ another example of a lar|e class of 
compounds, which consist of a metal and sulphur united together, 
and known as the metallic sulphides. 

Exirr. 2()8. — ^Place a very small quantity of the iron Hul 2 >hide 
in a test-tube and add a little hydrochloric or sulphuric acid. 
Note that it eiferv^esces and that a gas is evolved. 

Sulphuretted Hydrogen. — It has in this way been found that* 
by the action of acid upem some mettillic sulphides we obtain a 
gas with a peculim* odour, resembling that of rotten eggs. 
must now collect and ex^ine this gas. 

Exi*t. 260. — Fit 9 u flask with cork, delivery tube, and 
thistle funnel, as for %e preparation of hydrogen, and in the 
fliisk place some iron sulphide. Pour down the thistle funnel 
eome hydrochloric acid diluted with about twice its volume of 
^ater (see that the thistle funnel dips below the liquid). 
0(^6ct the gas over water in the usu;d way. 

*5 Jfctirr. 270. — In a jar of the gas place a Hghted ttiper. Note 
the extinction of the taper and the combustion of the gas with 
the smell of sulphur dioxide and also the formation of a pale 
yellow deposit on the inside of the jar. 

Expt. 27L — Apply a light k) the gas issuing from the de- 
livery tube and over the fliime hold a cooled vessel, e.jjr., a flask 
of water. Observe that droi>s of liquid condense on the sides 
of the flask and that a yellow deposit is also formed. By 
collecting this on the end of a wire and burning it, satisfy 
yourself that it is sulphur. 

The liquid may also be collected in the manner described in 
Expt. 244, and as in that case it will be here again found that 
its physical pr<;perties prove it to be water. 

Hence the gas contains hydrogen (since water produced from 
it contains hydrogen, which could only have come from the gas, 
not being present in the air) and also tndphur^ as shown by the 
formation of a sulphur deposit or of sulphur dioxide. It cannot 
be iux)ved to obtain any other element, and we may hence call 
ft hydrogen or, as it is generally termed, anlphureited 

hydrogen. Wh6n the gas bums in a plentiful supply of air, 
sutficient oxygen is at hand to combine with both the hydrogen 
and sulphur, and .hence sulphur dioxide is produced by the 
combustion ; but if there is an insufficient supply of oxygen, or 
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Quantitative Composition of Sulphuretted l^drogen.— 

Expt. 276. — In order to determine, at least [Mirtially,' the com- 
position of sulphuretted hydrogen, a tube (Fig. 130) should 
be about half filled with the gas over mercury (since it is slightly 

soluble in water). In the 
bent portion a piece of tin 
is placed, .and strongly 
heated by a Bunsen burner, 
the end of the tube being 
closed to })revent the mer- 
ciuy being diiven out by 
the expansion t>f tlie gas. 
The tin, wlien thus heated, 
abstracts the suliduir, and 
forms tin suljdiide, loiiving 
the hydrogen. Observe the volume of the hydrogen when 
^the tube is again cool and see that the gjis is really hydrogen. 

It is thus found that Sulphuretted hydrogen contains its 
own volume of hydrogen. 

For the above exi)eriinent and others in w'hieh,a solid has to 
be heat-ed in a closed 



Ficj. 130. “ CJoTnpositioii of Sulphuretted 

ilydr4)gc«. 


. *y 


volume of a gjvs, the 
apparjitus shown in 
Fig. 131, designed by 
Mr. 0. M. Stuart, 

Head Master of St. 

Dunstan’s College, 

Catford, is very con- 
venient. The U-tube 
contains a small (quan- 
tity of mercury, just 
sufficient to fill the 
bend, and the solid is 
placed in the bulb of 
the tube m, which is 
then fixed to the U- 
tube by indiaruy)ber 
tubing as shown. Tlie gas is passed through from b until it is 
considered that all the »ir is displaced. A little more mercury is 
then poured into the U-tube, the level xy noted, and the draWn- 
out end a having been sealed by a Bunsen flame the solid may 
be heated. 


Fi(>; 131.— Anajigumoiit for Heating a Solid in a ^ 
cloB^ Volume of Gafl. 
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CniKF Points op Ohaitki X\i[I» 

Physical PropertieB of Sulphur. —It is a brittle, yellow solid, 
which may easily be reduced bo a fine powder. It is insoluble in 
water, but dissolves in carlion disulphide, and also to a smfill e client 
in turpentine. It melts at about 114^*0. to a clear, yellow, mobile 
liquid, which when poured into Cfild-^vater solidifies to ordinary 
y^low sulphur. On further heating the yellow luiuid l>ecoiiie8 
darker in colour, and more viscid, until at alxnit •JoO® 0. it will not run 
0 ut, even though the vessel containing it is inverted. At still higher 
temperatures the liquid again becomes thin and mobile and finally 
boils, evolving a dark orange-red vapour, which condeiises either to 
au orange liipiid or to a yellow powder. If the boiling sulphur be 
poureti into cold water it solidifies to a solid resembling caoutchouc. 

VarietieB of Sulphur. — This elastic solid is called 2 jias( ic fiulphvr. If 
left in contact with air it returns to ordinary sulphur in a few days 
without any change of weight. I'lie yellow powder into which 
sulphur vapour con<lenses, without passing through an intermediate 
liquid state, is called Jlotrers of tfftfjihur. Ordinary commercial 
sulphur is called roll sulphur. 

Orystalline Sulphur. — The crystals left when a solution of sulphur 
in carbon disulphide is allowed to evaporate belong to what is called 
the rho)Mc. system. Those obtained from melted sidphur in the 
manner described in the chapter belong to tlie movorliuic systtm. 
The inoiioclinic sulphur crystals will, if left alone, gradually change 
back to the rhombic variety. 

Allotropy is tlie property .some elements, like sulphur, posse.ss of 
existing in different forms wdiich are known as aUotro2nc forms. 
The allotropic forms of siiljdiur are four in niiml)er, viz. , rhombic, 
moTioclinic, plastic, and ainoridious. 

Oxides of Sulphur- — Sulphur dioxide is formed when sulphur 
bums in air or oxygen. It is also given off’ when copi)er is heated' 
with strong sulphuiic acid. It is a gas with a pungent smell which 
does not bum nor support coinbustiou «uid has the power of bleach- 
ing vegetable colours. It dissolves in water to form »ul2)lmrous add. 
^^en sulphurous acid is neutralised by alkalis, salts called sulphites 
are obtaine<l. 

Sulphur Trioxide. — By suitable means sulphur dioxide can be made 
to combine with more oxygen to fomi a higher oxi<ic known as sulphur 
trioxide. This oxide dissolves in water, with a hissing noise accom- 
panied- by the evolution of much heat,, to form sulphuric acid. 

Sulphurio Acid is a heavy, oily liquid, which l>oil6 at 335® C., giving 
off choking, pungent, white fumes. It mixes with water in all pro- 
portions with the evolution of much heat. It absorbs moisture very 
readily and is conse«pieiitly used for drying gases. For the same 
reason it chars any organic substance it comes in contact M-ith. 
Sulphuric acud forms salts called sxdphajtes. 

XaauliBOture of Snlpliiirio Acid. — This depends upon the fact that 
Sulphur dioxide can be made to unite witli more oxygen to form 
sulphur trioxide, which dissolves in water, to form sulphuric acid. 
Nitrogen peroxide, which is obtained from nitric acid, easily gives 
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up the oxygen required to combine with the sulphur wxide. The 
nitrogen peroxide is thus converted into nitric oxide, whicSi, by com- 
bining with oxygen from the air, is again changed to nitrogen per- 
oxide, and all the changes are repeated again and again. In practice, 
the sulphur dioxide, oxides of nitrogen, water in form of steam, and 
air, are all passed into largo leaden chambers on the floor of which 
the sulphuric acid, obtained by the changes we have described, 
collects. 

Sulphides are compounds of sulphur with some other element. 
If sulphur is combined with a metal a metallic tndpliide is the result, 
such as zinc sulphide or blende. 

Sulphuretted Hydrogen, or hydrogen suli>hide, is obtained by the 
action of dilute acids upon certain sulphides. It is a gas with an 
odour of rotten eggs. It Imrns in air with a pale blue flame, forming 
sulphur dioxide and water. If, however, there is only a small 
supply of air or oxygen, water is formed and the sulphur deposited 
as a yellow powder. Sulphuretted hydrogen will not support com- 
bustion. When the gas is passed into solutions of certain metallic 
salts, precipitates consisting of metallic sulphides are thrown 
down. 

Double Decomposition. — Those changes where both reacting oom- 
pouftds are converted into new products by the excliange of 
constituents, are known as double decompositions, tlius ; — 


Copper 

sulphate 


and 


sulphuretted 

hydrogen 




and 


sulphuric 

acid. 


Quantitative Composition of Sulphuretted Hydrogen.— *Bv heating 
a piece of tin in sulphuretted hydrogen, contained in a bent tube 
over mercury, the tin is made to combine with the sulphur and to 
leave the hydrogen. If when the apparatus is cool tne volume of 
the hydrogen is measured, it is found to be the same as that of the 
sulphuretted hydrogen taken at first. 


Questions on Chapter XVII. 

1. Describe the changes which sulphur undergoes wlien heated. 

2. What is plastic sulphur, and how is it obtained ? How would 
you prove it consists solely of sulphur ? 

3. I)e.scribe two methods for obtaining crystals of sulphur. What 
diflerences are there in the crystals so obtained ? 

4. What happens when suliihiir burns ? By what other method 
can you obtain the product fonned ? 

5. Give an account of the properties of sulphur dioxide. 

6. What are sulphites, and how are they obtained ? By what 
characteristic reaction would you recognise a sulphite ? 

7. Describe, with a diagram, an experiment to prove that when sul- 
phur bums the product formed weighs more than the original sulphur. 

8. Describe the appearances and pro|Kjrties of sulphur trioxide. 
How is it obtained, and wliat is its action on water? 

9. Give a short account of the method of preparation of sulphuric 
acid. 
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10. What are sulphates ? Describe a method of preparation, and 
give a sKort account of the appeiiianc;e a id properties of throe 
sulphates. 

11. How may sulphide of copper be obtained ? What differences 
are there in the chemical nature, appearance, and propemes of 
sulphide of copper and sulphate of copper ? 

12. If iron and sulphur be heated and the product so obtained 
treated with hydrochloric acid, what gas is obtained ? Give an ac- 
count of its more characteristic properties. 

13. How could you prove that sulphuretted hydrogen contains 
jsulpliur on<l hydrogen ? 

14. Sulphuretted hydrogen is passed through solutions of (1) copper 
sulphate, (2) lead acetate. Describe what happens, and explain the 
nature of the chemical changes. 

15. If in preparing hydrogen from iron and hydrochloric acid there 
happened to be sulphide of iron mixed with the iron, with what 
would the hydrogen be mixed, and how could you obtain this impurity 
in a pure state ? 

16. What are “flowers” of sulphur and how is sulphur obtained 
in this condition ? 

17. By what means may it be proved that sulphuretted hydrogen 
contains*^ its own volume of hydrogen ? 

18. What is meant by a double decomposition? Give tliree 
examples of such changes. 

19. What difference is there in the chemical behaviour of a 
sulphite and a sulphate ? How would you detect the presence of 
sodium sulphite in a quantity of sodium suljdiatc ? 

2(>. What do we mean by allotrojiic fomis ? Give examples. 



CHAPTER XVIII 

BALT 

j^perties of Salt.— We shall now investigate common or 
salt, and the various products which we can obtain from 
it. At the outset stilt itself should bo carefully examined, 
an(U a table prejiared of its characteristic properties. It will 
be thus found to be a white soluble powder, which forms 
crystals in the form of small cubes, containing no water of 
crystallisation. It does not suffer any apparent change un- 
less heated very sti'ongly, when it can bo fused or melted. 
If a little be placed in tJie nor. luminous flame of a Buneen 
bunier the flame becomes coloured bright golden-yellow^ 

Expt. 277.— Place a little salt in a test-tube, and add some 
strong sulphuric acid ; warm slightly. Observe that a gas is 
evolved which possesses a powerful pungent odour, and forms 
white fumes in the air. 

We must now endeavour to collect and examine this ^^salt 

Salt OaB.— Expt. 278.— Fit up a glass flask for the prepara- 
tion of this gas from the above materials, and collect it ais 
shown in the diagram (Fig. 128). When fumes form at thdf^tc^ 
of the jar in which the gas is being collected, the jar may be 
regard^ as full. Fill two jars, and keep them closed.tm^ 
required by pieces of greased glass. ' 

(1) Insert a lighted taper and observe that the gas dcfto 
not bum, neither does it support combustion. 

(2) Open under water, and observe that the water rushes^^' 
up and completely flUs the jar. (Probably owing to the 
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incomplete di^plAcemetit of tbe air th|t gas will not 

lill the ''jar, but it does so if 41011112;^ with au .) Test the 

j^lution with litmus papers. * It is found to be odd. 


We therefore find that the *‘8alt gas” is soluble in vatet’/ 
and forms an acid solution. 

r 

Expt. 279. — Pass the gas through a solution of caustic soda 
until the liquid has become slightly acid. Evaporate the solu- 
tion to dryness, and observe that a white solid is left Taste 
this sf>lid, and satisfy yourself that it is salt. 

Exirr. 280. — Do a similar experiment, using caustic potash 
solution ill place of the solution of caustic soda. Observe 
that, as before, you obtiiin a white solid, which has a taste 
somewhat resembling that of salt. Heat this solid with a 
little sulphuric acid, and observe that the “ salt gas ” is again 
produced. 


Oomposition of Salt. — Salt, therefore, results from the 
interaction of the “ salt gas ” with caustic soda. The solution of 
the “salt gas” is, in fact, the acid which is so frequently used 
under the name of hydrochloric acid, and the last experiment 
should be again performed with hydrochloric acid in place of 
the “salt gas” in order to verify this statement. If the con- 
tents of the flask or test-tube used in the preparation of the gas 
lie examined and allowed to crystallise, crystals are obtained 
of a solid know'n as sodium sulphate, and we may state that 
Oommon salt and sulphuric acid yield hydrochloric acid gas 
and sodium sulphate. 

Compositiou of “Salt” or Hydrochloric Acid das.— 

Expt. 281. — In the flask A (Fig. 132) place some salt and strong 
sulx^hui'^c Pass the salt gas” so obtained overheated 

copper oxide in the hard glass tube BC. Observe that water 
collects in the test-tube D, and that the Copper oxide is con- 
verted into a green substance. Examine this green substance 
and see that it also gives oflT the “ salt gas ” when acted upon 
by sulphuric acid. 

As water is formed the ‘ ‘ salt gas ” must evidently contain hydro- 
gen, and the simplest explanation of the experiment is that the 
; "hydrogen of “salt gas ” comlcuned with the oxygm of the copper 



264 ELEMENTARY GENERAL SOIENJE (JH4?. 

oxide, forming the water, while the copper with the other part of 
the “ salt gas ” formed the green substance. 



Expt. 282. — To further investigate tliis acid gjw collect a 
tube full over mercury, and quickly introduce into it a piece 
of clean sodium. Allow it to stand, and observe that the 
volume of the gas becomes ultimately reduced to one-half the 
original volume (correction l)oing made for the difference in 
pressure), while fuither, the sodium gets covered with a wliite 
powder which you may satisfy yourself is salt. 

Teat the gas left with a lighted taper and sec that it has the 
. properties of hydrogen. 

We have thus found that from hydrochloric acid gjis, 
sodium abstracts something and leaves one-half the original 
volume of hydrogen. Hence, also, salt consists of sodium with 
somethi}Uf and this same material with hydrogen forms hydro- 
chloric acid gas. The name given to this material is Chlorine, 
and we shall now endeavour to obtain this element from the 
hydrochloric acid gas. 

Preparation and Properties of Chlorine.— Expt. 283. — 
In a fairly laige flask (Pig. 133) put some manganese dioxide 
(a black powder which also occurs naturally in compact masses 
known as pyrd\mU), Through the thistle funnel pour in siif- 
fleient hydrochloric acid (i.e. the strong acid used in the 
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laboratory) to cover the oxide and s6e that the end' of the 
thistle funnel is below the level v)f tlic 0 id. Obsen^e that a 
dark greenish-brown liquid results. TV arm and observe tho 
formation of a heavy green gas 'which may be collected in tlie 
same manner as hydro- 
chloric gas.' In this 
manner fill five jars, and 
close each jar tightly. 

, (1) In the first jar 

place some moist 
coloured rags, orflowei s, 
and observe the bleach- 
ing. Writing in ordin- 
ary ink ni.ay also be 
bleached. 

(2) Idiinge in a lighted 
tfiper and observe that 
the taper burns, but 
with the formation of 
clouds of soot, and ob- 
serve that water shaken 
up in tho jar becomes 
acid. 

(3) Place in some 
filtcr-jwiper moistened 
with turpentine and 
compare the result with 
that obtiiined in the 
previous ex])criment. 

(4) Place in the jar, 

by means of a defiag- 133.— Preparation of Clilorino. 

rating spoon, some 

burning phosphorus, and observe it continues to bum with 
the fonnation of white fumes. 

(6) Place in the gas some burning sodium, and see that it 
also bums with the formation of white fumes. Dissolve these 
fumes in water, and see that a solution of salt results. 

Pass the gas through water for a short time, and observe 
that it is slightly soluble, the solution, known as chlorine 
water, smelling of the gas. 

It is thus seen that sodium with this gas forms salt, and hence 

I The gas is best collected In the open air or in a drati^t cupboard. 
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tiiis gas is actually the s^nd constituent of the hydrochiddp' 
acid gas, t.e., ckhrine. In the case of the burning’ taper the 
efEect is due to the fact that the taper consists of two con* 
i^tuents, viz., carbon and hydrogen, and that, whereas both 
, bum in air to form oxides, only one, the hydi'ogen, can combine 
with the chlorine, forming hydrochloric acid gas (hence the 
acidity of the water), while the carbon, being incapable of com- 
bining with the chlorine, gets deposited as soot. In the case of 
the burning phosphorus the white fumes consist of the compound 
„ of phosphorus and chlorine, i.e., a chloride of phosphoriiSt and, 
similarly, hydrochloric acid gas may be called hydrogen cUo^'ide, 
and common sjilt sodium chloride. 

We have seen above that hydrogen can combine with chlorine ; 
indeed, so great is their tendency to unite that a mixture of 
hydrogen and chlorine explodes even if exposed to a bright 
light— as direct sunlight or burning magnesium— and combines 
gradually in diffused daylight, the mixture being seen to lose the 
greSn colour imijarted to it by the chlorine. If the combination 
is effected in the eudiometer describo<l on page 240, it is found 
that 1 volume of hydrogen combines with 1 volmne of chlbrine 
to fonu 2 volumes of hydrochloric acid gas, so that in this case 
there is no contraction during tlie, formation of the compound. 
Also, if a conceTitrated solution of hydrochloric acid be decom- 
posed by the electric current in the voltameter, equal volumes of 
hydrogen and chlorine result, although at the commencement of 
the experiment more hydrogen seems to be obtained, this being 
due to the solution of the chlorine. 

Summary of Besults. — We may summarise our results thus : 
Chluiine obbiined from hydrochloric acid and manganese dioxide 
■ is a very heavy, yellowish-green gas, with an irritating, choking 
smell. It is soluble in water, the solution having an odour 
similar to tliat of the gas. It possesses powerful bleaching 
properties. Though it does not bum itself, it is capable of 
supporting the combustion of many bodies, with the fonnation bi 
chlorides. Of these, sodium chloride is ordinary table salt, and 
hydrogen chloride is hydrochloric acid gas, which consists oi 
equal volumes of hydrogen and chlorine united without coi^- 
traction, this union occurring directly in daylight. The weight 
of a litre of chlorine [which may be found by weighing a flash 
full of (1) air or hydrogen, (2) chlorine, and allowing for the 
weight of air or hy^ogen in (1)] is about 3’18 grams, so that \i 
is about 35*5 times as heavy as hydrogen. 



Ad when salt or other chloii4^ is 
^ves rise to hyilrochloric acid, it. foUo^v^ t liitt chlorine niaybe 
obtained by heating chloride Hth sulphuric acid and manganese 
dioxide, and this also fonns a convenient test for chloi'idee, 

VarioUB Oompoimds of Chlorine. —Ex^r* 284.^Pass 
chlorine for some time through a hoUing solution of (Rustic 
potash. Allow the solution to crystallise, and examine the 
crystals which first separate out. They will be found to con 
• sist of potassium clil<traiey which evolves oxygen when heated, 
either alone or with a little manganese dioxide. 

We thus obtain potassium chlorate from chl'^rine and hot 
potash, while some potassium chloride is alsf) formed. The 
chlorates may be regarded as derived from an acid, which we 
may call chlo^'ic acid, iust as the chlorides arc derived from 
hydrochloric acid, and which differs from the latter acid in 
containing oxygen as well as hydrogen and chlorine. 

Of the chlorates, potassium chlorate is by fjvr the most im- 
portant, l)eing largely employed in the manufacture of matches 
and in pyrotechny. 

Bxpt. 286. — Pass chlorine through a cdd solution of caustic 
potash, and observe that you no longer obtain potassium 
chlorate. 

In this case there results, as before, potassium chloride ; the 
second product is, however, not potassium chlorate, but a com- 
pound containing a smaller percentage of oxygen, and tenned 
potassium hypochlorite, which, by the action of acid, liberates 
chlorine. By employing lime in place of caustic potash a some- 
what similar mixture results, consisting of lime with a compound 
of the chloride and hypochlorite. This also evolves clilorine 
when acted upon by an acid, and is hence very largely employed 
for bleaching, under the name of bleaching powder, which is 
manufactured on the large scale by the method indicated above. 

Chief Points of Chapter XVni. 

Oenunoii Salt is a white soluble powder which forme crystals in 
the form of small cubes, containing no water of crystallisation. 
When very strongly heat^ it melts. It imparts a golden-yellow 
^lour to the flame. When heated in a tube with strong sulphuric 
cicid, a gas with a^werful pungent odour and which forms fumes in 
air 18 given off. This gas we provisionally called ** sdU gas*'' 

: Proper^ of *'8alt Gat-^—lt neiUier boms net supports oom- 


h^t^lVith su&huric iMuil it' 
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bustion. It is very soluble in water forming an acid adtUion* U 
passed into a solution of caustic soda and the resulting solution, 
evaporated to diyness a white solid is obtained which is found to be 
salt. Since the same results follow this experiment is repeatefl, 
substituting hydrochloric acid for “salt gas> wo are justified in 
calling “ salt gas” by the name of hydrochloric acid ga^s. We may 
therefore state that Common salt and aidphuric acid yidd hydro- 
chloric acid gas and sodium 8idphcU.e. 

Compoiition of “ Salt-” or Hydrochloric Acid-Gas. — When the acid 
gas is passed over heated copper oxide, water is formed and can be 
collected. Water contains hydrogen, therefore probably this hydro- 
gen was obtained from the “ salt gas.” The copper oxide becomes 
changed into a green substance ; probably the copper of the oxide 
has combined with the other part of the “ salt gas ” to form the green 
compound. 

The “ salt gas ” is proved to contain hyilrogen, to the extent of one- 
half its volume, by the action of a piece of soilium upon a quantity 
of the gas in a tube over mercurj". Half the amount of hydrogen is 
found left in the tube. The other constituent of the “ salt gas ” com- 
bines with the sodium to form salt again. The name given to this 
other constituent is chloHne. 

Bjy means of the eudiometer and the voltameter (sec Chap. XVI. ), 
the hydrochloric aci<l gas can lie proved be made iiji of one volume 
of hy<lrogen and one volume of chlorine combined to form two volumes 
of hydrochloric acid gas. 

Preparation and Properties of Chlorine. — Clilorine is obtained from 
hydrochloric acid V)y hetiting it with manganese dioxide. The gas 
being heavi<^r than air is collecteu by downward displacement as 
in Expt. 283. 

Chlorine is a very heavy, yellowish-green gas with an irritating, 
choking cnlour. It is soluble in water and the solution smells like 
the gas. It possesses powerful bleatdiing properties. Though it 
does not itself burn, it is capable of supporting the combustion of 
many bodies, with the formation of chlondt s. The weight of a litre 
of chlorine is al)out 3 *18 grams, it is hence about 35 '5 times as heavy 
as hydrogen. 

Various Compounds of Chlorine. — Potassium chlorate can be 
obtained by passing chlorine for some time through a boiling solution 
of caustic potash and allowing the solution to crystallise. The 
chlorates arc salts of an acid known as chloric acid. Potassium 
chlorate is the most important chlorate ; it is used in the manu- 
facture of matches and fireworks. 

Potassium hypochlorite is obtained by passing chlorine through a 
cold solution of caustic potash. If lime is used instead of caustic 
potash, a mixture called Ueaching-^towder is obtained. 

Questions on Chafteb XVIII. 

1. How is hydrochloric acid obtained? Give a short account of its 
chief properties. 

2. What are chlorides? How may they be obtained? Give 
examples. 
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3. Briefly indicate the reaBOtimg which leads to the supposition t hat 
hydrochloric acid gas contains hydrogen united with another gafe, 
and state how this second gas may be obtained from the acid. 

4. What is the general effect of hydrochloric acid upon (a) xuetah:. 
(h) oxides ? 

5. How may it 1 k) proved that h3^drochloric acid gas consists of 

one half its volume of (a) hydrogen and (h) chlorine V ^ 

6. Describe the properties of chlorine, and state lu)w 3^011 would 
obtain the gas fi’om salt and then reconvert it into salt. 

7. What are chlorates ? How do they differ from chlorules 2 

8. Under what conditions doe.s chlorine unite with (a) h,ydrogen, 
{h) phosphorus, (c) sodium ? 

9. A lighted taper is placed in a jar of chlorine, what happens, 
and wdiy ? 

JO. How may chlorine Ijc (a) obtained from, (0) converted into 
bydrocliloric acid ? 

11. What is the action of sulphuric acid upon salt? What arc 
the properties of both product h ? 

12. hrom h3'di-ochloric acid how could you obtain {a) bydrogeii, 
(Z;) common salt, {c) potassium chlorate ? 

13. What is bleaching powder? How is it obtained, and on what 
does its chief use deiiend ? 

14. By what chemical tests would you recognise a metallic 
chlori<le ? 



CHAPTER XIX 

CHEMICAL NOMENCLATURE 

Atoms and Molecules. — We are now in a position to undei’- 
sttmd the nomenclature cmi)loyed by chemists to represent the 
vaujous chemical changes which we have been studying. All 
matter is supposed to be built up of minute particles tenhed 
at(vjn«. Tlicse usually exist combined with other atoms to 
form molecidcsj and these mtdecules are the smallest particles 
of matter which Cim have a separate existence. In a compound 
the molecules are composed of r number of different kinds of 
atoms united together. In an element the atoms are all of the 
same kind. 

Chemists represent the atoms of the various elements by 
letters. These are in general the first letter or, sometimes, the 
characteristic letters of the name (or Latin name) of the element. 
Thus tlie letter H represents the atom of hydrogen, and 0 the 
atom of oxygen. To represent a comiK)und, a formula consist- 
ing of a combination of symbols is employed. Thus water must 
evidently be represented by some combination of the letters H 
and O, but we do not yet know the number of H’s and O’s which 
we must employ. 

Avogadro’s Law, — In order to deduce the fomiulm applicable 
to the different com|M)undB, we must make use of a law first enun- 
ciated by the Italian chemist Avogadro, and which is now 
almost universally accepted by chemists. This law states tlait 

Equal volumes of all gases under similar conditions of tem- 
perature and pressure contain equal numbers of molecules.; 

Formula for Hydrochloric Acid Gas. — From what we have 
learnt oonoeruing the formation of hydrochloric acid gas, we kno^ 



that 1 volume ol hydrogen combines wii^i volume of chlqri^ Ip 
form 2 volumes^ of hydrochloric acid gas, that is, by AvrjgAdro’ff 
LaW, a certain number of molecules of hydrogen combine with the 
same number of molecules of chlorine to form twice that number 
of molecules of hydrochloric acid gas; so that 1 molecule of 
hydrogen must combine with 1 molecule of chlorine to form 2 
molecules of the compound. Moreover, as each molecule of 
hydrochloric acid gas must contain ai Uxist 1 atom of hydrogen 
Ij^nd 1 atom of chloiine, then the 2 molecules must contain 
at least 2 atoms of each element, and therefore 1 molecule of 
hydrogen (which gives rise to 2 molecules of hydrochloric acid 
gas) must contjun at least 2 atoms of hydrogen, and similarly, 
each molecule of chloiine must contain at least 2 atoms of chlo> 
line. This is the number of the atoms in the molecule of these 
elements if the conipoiuid we have considered contains 1 atom 
of each element, and this, the simplest explanation, is that which 
really holds. The formula for hydrochloric acid gas may there- 
fore be written as HCl. This result which wo have found for 
hydix>gen and chlorine, is also generally ti*ue for <.>ther gaseous 
elements ; so that we may state, as a fairly general rule, that 
The molecule of a gaseous element contains 2 atoms. 

Fonnula for Water. — The formation of water gives a slightly 
more complicated case, since it was found that 2 volumes of 
hydrogen with 1 volume of oxygen form only 2 volumes of 
water vapour. From this it follows, however, by Avogadro’s 
Law, that 2 molecules of hydrogen with 1 molecule of oxygen 
form 2 molecules of water, and hence from what has been 
previously stated, 4 atoim of hydrogen combine with 2 atmns of 
oxygen to form 2 molecules of water. Each molecule of water 
therefore consists of 2 atoms of hydrogen with 1 atom of 
^ oxygen. We can consequently represent the molecule of vaster 
by the formula HgO. 

Ohemical Equations. — We may now leam how to represent 
the formation of compounds by what are termed chemical 
eqmiions. Tlie formulm of the reacting bodies are placed on 
the left hand side of the equality sign, and those of the 
products -on the right. 

(1) . 2H2 4-02-2H20;1 

that is, 

2 mols. hydrogen with 1 mol. oxygen form 2 mols. of water. 

1 In Uiis fonnnla for water the small 2 only refers to the H, the large 2 to the 
.■Vfhalt group, and siinilarly in the other fonnuto employed. 
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( 2 ) H2+CI2-2HCI. 

1 mol. hydrogen with 1 mol. chlorine form 2 mok. 
hydrochloric acid gas. 

Atomic Weights. — We have, however, found that any volume 
of oxygen is 16 times as heavy as the same volume of hydrogen, 
so that each molecule of oxygeii is 16 times as heavy as a 
molecule of hydrogen. Consequently the ratio of the weight 
of the atoms must also be 16. So tliat if we regard the weight, 
of an atom of hydrogen as our unit, the atomic tveiffht of 
oxygen must bo 16. The atomic weight of an element is, 
therefore, the ratio of the weight of its atom to the weight 
of the atom of hydrogen. 

By similar reasoning the value .S5‘5 may be obtained as the 
atomic weight of chlorine {nee page 266), and hence the symbols 
Cl, 0, and H will represent respectively 35*5, 16 and 1 ])arts 
by y eight of chlorine, oxygen, and hydrogen. A list of the 
symbols of the elements with their atomic weights is given on 
page 275 , but we shall in general use simpliliod numbers, as 
16 in place of (15*87) for oxygen. 

We may, therefore, extend the meaning of the chemical 
equations given above mid rcml thus : — 

2H.,+02=2H30. 

4 (rr.2x2) parts by weight of hydrogen with 32 ( = 2x16) 
parts by weight of oxygen unite to form 36( = 2x24*i^x 16) parts 
by weight of water. 

Formulae for Sulphur Dioxide and Sulphuretted Hydro- 
gen. — It may be eiisily proved experimentally that when 
suliihur bums in oxygen there is no alteration of volume. 
From this, by an application of Avogrado’s Law, it follows that 
from a certain number of molecules of oxygen we obtain the 
same number of molecules of sulphur dioxide. Hence each 
molecule of this compound is obbiined from 1 molecule, i.e., 
2 atoms, of oxygen. This does not show how nlany atom^ of 
sulphur arc jirescnt, Imt if we assume tlie presence of 1 aikna 
the formula would lie SO 2 . As we have previously found' tk&t 
sulphur gains 100 per cent, in weight on burning, it is clear, 
that the 1 atom of sulphur has the siAiiie weight as 2 atoms of 
oxygen, i.e., the atomic weight is 2 x 16 = 32. This number 
agrees with that obtained for the atomic weight of suljihur by 
other methods, and hence indicates that the formula adopted is 
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cotreot, i.e., sulphur dioxide^risy be r^fesentiej.by t& i|>r9»dM 
BOg. Sulphuretted hydrogen b also fo’«md to contain ita own 
volume of hydrogen, and . by an&logoijs reitsoning we obtain SH^ 
for its formula. 

SQUivalent Weights and Valency. — The methods employed ' 
for finding the atomic weights differ in different caaet>. A method 
of frequent application is do find the weight of an element which 
can displace 1 gram of hydrogen from a compound, or which 
-unites with 8 grams of oxygen, or with .35*5 grams of chlorine 
(these being the weights which unite with 1 gram of hydrogen). 
For example, it may be readily found that 12 grams of magne- 
sium displace 1 gram of hydrogen from an acid,^ or that 23 grams 
of sodium displace 1 gram of hydrogen from water. These values 
12 and 23 may be called the equivalent weights of magnesium 
and sodium. It is, however, considered that while 1 atom of 
sodium replaces 1 atom of hy<h*ogen, yet the atom of mag- 
nesium is capable of replacing 2 atoms of hydrogen. The atomic 
weight of sodium is therefore 23, but in the case of magnesium 
the atomic weight is 12 x 2, for we have found that the magne- 
sium is 12 times heavier than the hydrogen it displaces, that is, 
each atom is 12 times heavier than 2 atoms of hydrogen, i.e,, 24 
times the weight of 1 atom. The number of hydrogen atoms 
which 1 atom of an element can replace is called its valency, 
and from what has been said it will be seen that the atomic 
weight = equivalent weight x valency. It would, however, take 
us too far to discuss the methods of determining the valency, or 
other methods of finding the atomic weights. 

Molecular Weights. — It follows from Avogadro’s Law that 
the ratio of the weight of any volume of a gas to the weight of 
the same volume of hydrogen, is equal to the ratio of the weight 
of each molecule of the gas to the weight of the molecule of 
hydrogen ; that is, the density of the gas referred to hydrogen 
is the ratio of the molecular weight bf the gas to the molecular 
weight of hydrogen. Since tlie molecule of hydrogen contains 
-2 atoms, its molecular weight is 2 ; hence 


Density referred to hydrogen 


M ol, wt^of gas 

Mol. wt. of hydrogen 
Mol. wt. of gas 
2 


' 1 This experiment may easily be performed with the apparatus described In 
Sxpt. 8dd. 
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so that the molecular weight of a gaa is double its density 

(referred to hydrogen). 

Chemical Actions Represented by Equations.— We will 
now give a number of equations to represent soiiip of the 
chemical refictions we have studied. In all the cases the 
quantitative relation should he found and written down. The 
decomposition of potassium chlorate by heat is represented by : — 
2X010.,=: 2KCI + 3O2, or 

2xl22 o (=39+35 -5+48) 2x74 5 (=35 5+39) . 

parts by weight of will yield i)arts by weight of 
ix)tassium chlorate potassium chloride 

with 3 X 32 ])arts by weight of oxygen. 

The burning of sodium, carbon, phosphorus, and sulphur are 
respectively represented by - 

2Na2 + 0.,=:2Na20. 

C + Oo=C02 
- S + 02 = S02. 

P4+502=2PA- 

(Write these also in words and, using the atomic weights on 
page 275, give the weights of the substances tiikmg pait in the 
reactions as is done in the above example.) 

The displacement of hydrogen from water or acids, is given by 
the equaticnis : — 

2H.0 + Na, = 2NaOri + H2. 

Zn + HoSOj = ZnS04 + Hjj. 

It will be noticed that according to the first equation, only 
one half the hydrogen is eliminated from water by sodium, and 
it may be shown that caustic soda still cont;iins hydrogen. 

The formation of sulphur dioxide is more complicfited : — 

Cu + 2H2SO4 = OUSO4 + SO2 + 2H2O ; 
that is, copper forms with sulphuric acid copper sulphate, sulphur 
dioxide, and water ; while the foiination of sulphur trioxide and 
sulphuric acid are very simply shown : — 

(1) 2SO2+O2-2SO3. 

(2) SO3+H2O-H2SO4 

The sulphide of iron we have used is represented by FeS (the 
symbol Fe standing for iron, ferrum)^ and the reaction of the 
sulphide with sulphuric acid by the equation : — 

FeS + H2S04=:FeS04+ SHg. 
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The equation for the prepaaiEition of chlorine ie frequency 
written in two stages : — 

(1) Mn0,+4HCl-MnCl4-f2H20 

(2) MnCl4=MnCljfCl*. 

This indicates that an intermediate compound (MnCl 4 ; is 
formed, which, however, decomposes to form a lower chloride 

Table of Elements with their Symbols and Atomic 
, Wekshts. 


Element. 

Symbol. 

1 

At. WtJ 

-i 

Element. 

Symbol. 

At. Wt. 

Aluminium . 

A1 

27-02 

Mercury 

Hg 

200 

Antimony . . . 

SI) 

119-6 

Molyb(ienum . 

Mo 

95-7 

Aruron 

A 

39*8(?' 

Nickel 

Ni 

58-6 

Arsenic 

As 

74-9 

Niobium 

Nb 

94 

Barium 

Ba 

136-8 

Nitrogen 

N 

14-01 

Bervllium . . . 

Be 

9-1 

Osmium 

Os 

190-3 

Bismuth . .. 

Bi 

207-5 

Oxygen 

0 

15*87 

Boron 

B 

10-9 

i Palladium . . . 

Pd 

106-2 

Bromine 

Br 

79-7 

! Phosi)horus .. 

y 

31 

Cadmium 

Cd 

112 

i Platinum 

pt 

194-3 

Cfcsiuin 

Cs 

132-7 

' Potassium 

K 

39 

Calcium 

Ca 

39-9 

Rhodium 

Rh 

103 

Carbon 

C 

11-97 , 

Rabidium 

Rb 

85-2 

Cerium 

Ce 

140 . 

Ruthenium ... 

Ru 

102 

Chlorine 

Cl 

35-3 

Samarium .. 

Sm 

150 

Chromium 

Cr 

52-4 i 

Scandium .. 

Sc 

44 

Cobalt i 

i Co ! 

! 58-6 i 

Selenium j 

Se 1 

79 

Cooper 

(.’u 1 

! 63-2 1 

Silicon J 

Si 1 

28*3 

Didymium . 

Bi ; 

U3 

Silver 

Ag 1 

107 -9 : 

Erbium 

Er 

166 

' Sodium 

Na ' 

23 

Fluorine .... 

F 

19 

1 Strontium ... 

Sr 

87-5 

Gallium 

Ga 

69-8 

j Sulphur 

S ! 

32 

Germanium .. 

i Ge 

72-3 

! Tantalum.. .. 

Ta 

183 

Gold 

Au 

196-7 

Tellurium 

Te 

125 

Helium 

He 

4-4 

Thallium .... 

T1 

204 

Hydrogen ... 

H 

1 

Thorium .... 

Th 1 

232 

Indium t. 

In 

113-4 

Tin 

Sn 

117-7 

Iodine 

I 

126-6 

i Titanium .... 

Ti 1 

1 48 

Iriflium 

Ir 

192-6 


w ; 

; 184 

Iron 

Fe 

65-9 

j Uranium .... 

u 

239 

Lanthanum ... 

La 

138 

Vanadium .. 

V 

51-1 

Lead 

Pb 

206-3 

1 Ytterbium . 

Yb 

173 

Lithium 

Li 

7 

: Yttrium 

Y 

89 

Magnesium . 

Mg 

24 

; Zinc 

Zn 

' 65 

Manganese ... 

1 Mn 

54-8 

, Zirconium . . . 

Zr 1 

90-4 


.1 
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of manganese and chlorine. As, however, it is improbable that 
the compound MnCl 4 exists, it is preferable to write the reaction 
in one equation 

MnOg 4- 4HC1 = MnCl^ 4- 2 H 2 O + Clg. 

The student should endeavour to represent other actions, as 
the burning of sulphuretted hydrogen, &c., by equations, talcing 
great care that the same number of atoms of each element occur 
on the two sides of the equation, and i)aying attention to the 
known formulfe and the valencies given. It must be remembered, 
however, that an equation is a representation of a fact, and the 
student must be careful to avoid attempting to make his version 
of chemical facts agree with guemd equations which though 
apparently possible do not really represent actual inactions. 


CiiTEP Points op Chapter XIX. 

m 

Atoms and Koleoules. — All matter is supposed to be built up of 
minute particles termed (jUoms, These usually exist combined with 
other atoms to form molectdes. The molecules of a compound are 
composed of different kinds of atoms united together. In an 
element the atoms are all of the same kind. 

Chemical Symbols.— Chemists represent the atoms of various 
elements by letters which are in general the first letter, or the 
characteristic letters, of the English or Latin name of an element. 
Thus H represents tlie atom of hydrogen and Cl the atom of 
chlorine. 

Avogadro’s Law.— Equal volumes of all gases under similar con- 
ditions of temperature and pressure contain equal numliers of 
molecules. 

Chemical Equations enable the chemist to represent chemical 
reactions by means of symbols. The formula of the reacting bodies 
are placed on the left-hand side of the efiualitj^ sign, and those of 
the products on the right. 

The Atomic Weight of an element is the ratio of the weight of its 
atom to the weight of an atom of hydrogen. Thus, when we say the 
atomic weight of chlorine is 35*5, we mean that the atom of chlorine 
is 35*5 times as heavy as the atom of hydrogen. 

The Equivalent Weight of an element is that weight of it which . 
can just replace 1 gi’am of hydrogen in a compound. 

The Valenoy of an element means the number of atoms of hydrogen 
one atom of it is able to replace. 

Atomic Weight - Equivalent Weight x Valency, 









Questions OK Chapter ‘X iX. 

, 1. What do you mean by the termn “atom” and “molecv^e?’' 

Carefully point out the difference between them. 

3, What is Avogadro’a Law? Indicate the use of tins law -he 
determination of molecular formulre. 

3, What is meant by “atomic weight” ? How does it differ from 
** 6<jui valent weight ” ? Under what circumstances ai*c they e^ual ? 

4. How would you endeavour to find the equivalent weight of a 
metal soluble in sulphuric acid ? 

fi. By what experiments &nd reasoning would you show that 
hydrocldoric acid gas should be represented by the fonnula HCl? 

.6. What is “valency”? Give examples of elements possessing 
diflferent valencies. 

7. What is a chemical equation? Write down the equations 
representing the changes of any three chemical operations you have 
seen, and give in words the exact meaning of the equation. 

8. Write in words the exact meaning of the equation !2KC103=^ 
2KCl + 30j. From this equation calculate the weight of oxygen 
obtainable from IfX) grama of potassium chlorate. 

9. Plxplain how the measurement of the density of a gas leads to 
the determination of its molecular weight. State in words the law 
upon which this determination is based. 

10. Explain clearly why we represent the molecule of water by 
the formula H^O. 

11. “The molecule of hydrogen must contain at least two atoms.” 
Justify this statement. 

12. Sulphuretted hydrogen may l>e proved experimentally to con- 
tain its own volume of hydrogen. Describe the experiment, and say 
what it proves regarding the moltcvle of sulphuretted hydrogen. 



’ CHAPTER XX 

PHOSPHOltUS ANJ) ITS OOMJ[*OUNDS 

General Characters of Phosphorus. - Phosplu^rus, like ruI- 
pliur, cxiRts in difFercnt allotropic forniR, and these must be first 
examined. Ordinary phosphorus, which is always kept under 
water, will probably appear at first to be a yellow, or brown, 
opaque solid. This is not, liowever, its true appearance, but 
only that of a film which cojits the exterior. If a piece be cut 
it will be found to consist of a waxy, translucent solid,' of a 
pale yellow colour. It very readily inflames, contact with any 
warm olqect being sufficient to stiiit the combustion. For this 
reason it should not be handled, .and when not in use should be 
kept immersed in water, in which it is insoluble. Phosphorus 
glows in the dark, forming white fumes. Both glow and fumes 
are due to its gradual oxidation. PhoK])horu8 itself, as well as 
the fumes of its oxide, is poisonous, and hence ciire must bo 
tiiken during its use, both on this account and on account of its 
inflammability. 

Expt. 286. — Place a little phosphorus in an evaporating basin 
containing water and heat slowly. Observe the temperature 
at which the phosphorus is seen to melt. Allow it to cool. 

You will find that the phosphorus melts at almut 43^ C., but 
remains liquid below this temperature. Tliis is frequently the 
. case with melted solids, but during the solidification the tem- 
perature again rises to the melting point. If the water be 
poured oflf, the phosphoms frequently catches fire, as it inflamfes 
in air at a temperature below the melting point. 

ExpTi 287. — Shake up a small piece of phosphorus in 
carbon disulphide. Observe that it dissolves. Pour the solu- 
tion on to a piece of filter pa^jer. Observe tlie effect. 
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In this experiment the evapt. ration of the solvent leaves tjie 
phosphorus deposited on the filter paper in so finely divided a 
state that it rajiidly oxidises, charring the even setting it 

alight. By careful evaporation of the solveiit crystals Hi •y be 
obtained^ 

Bed Phosphorus. — This allotropic form of phosphorus if? a 
dark, bnjwnish-red powder. Examine it carefully and note well 
the difierences from the *>rdinaiy variety, substituting reJ 
• phosphorus, and try again the various exi)eriments performed. 
It will be found to be insoluble in c^l^bon disulphide, and to 
only ignite when strongly heated (240" C.). It is not luminous, 
neither does it oxidise when exposed to moist air. It is 
therefore not necessiiry to keep red i)}iosph<jrus under water. 
Red phosphorus, or amori)hou8 phosphorus, as it is also called, 
is, further, non-poisonoas. 

Phosphorus and Oxygen.— We have stated before that W'hcn 
phosphorus burns it forms a compound called phosphorus pent- 
oxide. This is tlie product of combustion when either red or 
yellow phosphorus is used, and this fact may serve to prove that 
the twM) varieties are chemically identical, llie composition of 
the oxide is represented by the formula P2O5, the prefix pent 
(five) indicating the number of atoms of oxygen in the molecule 
of the compound. The properties of this oxide have been 
already partially studied (p. 222). It is a ■white amorphous 
lX)wder which dissolves very readily in “w^ater, forming an acid 
solution. 

If left exposed to the air it absorbs moisture, being, in fact, 
one t)f the most powerful of drying agents, on account of wliich 
it is fre(|uently used as a dphydratar (V.e., for the purpose of 
removing moisture from gases or liquids). For the same reason 
it is of service in j^romoting many chemical reactions, the 
essential part of which is the removal of the elements of water. 

Phosphoric Acid and Phosphates.— The acid solution which 
results on the solution of the oxide, P2O6, in water is known as 
phosphyrk acicL^ ancl its composition is represented by the 
formula H3PO4, so that w^e may write the cejuation for its pro- 
duction thus : — 

PA + 3H2O-2H3PO4. 

We may also obtfiin the acid directly from phosphorus itself by 

1 Tliis acid results if the water bo hot : if cold water be used, uuother acid, which 
graduahy clianges to this, results. 



pW ^ ^iLlBWtBNTABlr OBNRBAL SClSSiqp 

means of nitric add, which is a powerful oxidising agen^^i.e*, a 
substance which readily gives up oxygen tx> other bodies). 

Exft. 288 , — Place some phosphorus, either variety, in an 
evaporating basin, add some nitric acid, and warm gently 
in a draught cupboard. Notice the energetic action and the 
evolution of red fumes (a sign that the nitric acid is giving up 
oxygen). Evaporate nearly to dryness, then add a little more 
nitric acid and evaporate down again. You thus obtain a ^ 
^ gelatinous product, which cools to a hard glassy mass. 

The phosphoiic acid so obtained is a crystalline solid, which 
dissolves in water. Like the other acids already examined, it 
may be neutralised by the addition of caustic soda, and a salt 
obteined. The salts obtained from phosphoric acid are known 
as Owing to the presence of three hydrogen atoms 

in the molecule of phosphoric acid, we may obtain three sets of 
saltsfin which one, two, or three hydrogen atoms are replaced j 
thus witli sodium we may obtain trisodium phosphate, Na3P04 ; 
hydrogen disodium phosphate, HNa2p04 ; and dihydrogen sodium 
phosphate, H2NaP04. Salts like the two latter, in which all the 
hydrogen is not replaced are known as acid sdltif ; those which, 
like the first, contain no acid hydiogen tire termed noi'niial aalU, 
Phosphorous Oxide.— Other oxides of phosphorus, however, 
exist besides the pentoxide, and of these the most important is 
that known as phoaphoi'us truKcide^ phoq^hyrms oxidcj or phoa- 
phmwis anhydi'idky P 40 g. This results, to a small extent, when 
phosphorus bums in air, the quantity increasing when the supply 
of air is insufficient. It is a white solid with a garlic-like odour, 
mid it differs greatly from the pentoxide in its action on water, 
as it is only veiy slowly dissolved, forming an unstable acid, 
phosphorous aoid, H3PO3, the salts of which are called phosphiiM. 

Oompounds of Phosphorus and H7drog6n.^By the action 
of phosphorus on caustic soda, a most remarkable product 
results, and the following experiments should be done to obtain 
and study this compound. 

Expt. 289 .— -Fit up apparatus in the maimer indicated in,- 
Figure 134 . In the retort place some pieces of phosphorus 
and a strong solution of caustic soda. Then completely 
displace the air from the apparatus by means of a currei^ 
of coal gas. When this is done the retort may be heated. 
Observe that action goes on inside imd that a gas with au' 



oS&Dsive odoui*, recalling that of rotten ^h, is evolved; After 
a ehort time each bubble of the gas ignites directly it read^s 
the air, forms a bright ilash and a white cloud which j^ends 
as a cloud ring. Collect a jar of the gas, but do not retnove ^ 
it from the water, pass up into it a piece of litmus piapor. 
Observe it has no action. Allow this jar to stand over vmter, 
and examine the next day. It does not now ignite when exposed 



to the air, but on the application of a lighted taper burns with 
formation rrf white fumes. 

N.B.— Be very careful not to let the water rush back into 
* the retort, otherwise it will criwjk and an explosion result. 
This is easily prevented by turning on the coal gas should 
the water be seen ascending from any cause. 

The gas so obtained is a compound of phosphorus and 
hydrogen, known as phosphine or phosphoretted hydrogen, and 
represented by the formula PH 3 . This formula may be proved by 
the decomposition of the gas by electric sparks, when it fonns red 
phosphorus and hydrogen, 2 volumes of gas yielding 3 volumes 
of hydrogen. By the action of chlorine, also, it forms a chloride 
of phosphorus and hydrochloric acid, which we know contains 
hydrogen. The white fumes formed during its combustion 
coninst of a mixture of water and a compound known as meta> 
phosphoric acid, and the equation for this action may be thus 
written : — 

PH3 + 202»H20+HP0s. 

Meta- 

t^osnhorio 

^ ■ Add. / . 
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The gas is poisonous, so that care has to l)e taken^ that it is not 
inhaled in an appreciable quantity ; the preparation is best per- 
formed in a draught cupboard or in the open air. It was seen that 
the gas loses its property of itpontancinis inflammahiliUj if allowed 
to stand over water, and the same effect results if the gas be passed 
through a cooled receiver before collection. This indicates 
that this |)ro])erty is not due to the gas itself, but t<o some 
other ])roduct mixed with it, and separated from it, by either of 
the above methods. This other product is also a compound of • 
phosphorus and hydrogen, but it has a composition represented 
by the formula P15II41 and is liquid at ordinary temj)oratures. It 
is, as we should expect, sjxmtanetmsly inflammable, and its 
presence in other combustible gases, as the gaseous phosphine, 
hydrogen, &c., causes them, also, to ignite in air, and become 
themselves spontaneously inflammable. 

In the retort (Expt. 289 ) used for the preparation of the gas 
thereu remains, together with the excess of phosphorus and 
caustic potash, a compound known as smlimn hypoitlwiiphitii. 

Manufacture of Phosphorus.-- Phosphorus is employed for 
various puri>08e8, but the greatest quantity is used for the pro- 
duction of matches, the tij)s of which consist of a little wax 
with phos[)horus and potiissium chlorate. The chief source of 
phosphorus is the residue obtained on burning bones, which is 
known as hone a.'ih, and consists of lihoafphfde ofcalcivm, Ca3(P04)2. 
This product is converted into phosphoric acid by treating with 
Bulphui'ic acid, when the following cluinge takes place ; — 


Calcium , sulphuric 
phosphate acid 

Ca(P04)2 + 3H2SO4 


form 


calcium 

sulphate 

3CaS04 


and 

+ 


phosphoric 

acid, 

2H3PO4. 


The calcium sulphate, being insoluble, is easily separated from the 
acid, which is then concentrated and heated with powdered coke 
in cjist iron retorts connected with pipes dipping under water, 
by which means jrhosphorus is obtained. The reactions for this 
process may be thus represented : — 


H3P04=HP034*H20. 

4HPO3 -P 12c = I2CO+2H2 + 4 P. 

The crude phosphorus so obtained is purified by melting under 
warm water, the melted phosphorus being then cast, while still 
under water, in the form of round sticks. 
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Chief Points of Ohaftbr XX 

Photphoms, like sulphur, exists in different allotropic forms. 

Ordinary phoHph<ynM is a waxy, translucent solid of a jwile yellow 
colour. It very readily inflames and should not, in cc iseque.ncs ho 
handled, and when not in use should be kept immersed in w'ater. It 
glows in the dark, evohing white fumes. It is i)oisonoiis. It melts 
at about 43 ^ G. It is soluble in carbon disulphide. 

Heti phoffphorK^ is a dark brownish-red powder, insoluble in 
. carbon disulphide, and only ignites when strongly heated. It is 
non-poisonous. It need not be kept in water. 

Phosphoma and Onygen. — When either ordinary or red phosphorus 
is burnt in air or oxj^gen a compound called jihoH^ffhornn penloxvief 
PaOg, is formed. It is a white amorjdious ptwder which dissolves 
very rea<lily in water, to form an acid solution known ns pho»phorir. 
ftridf H3P64. [P..05 + 3 HaO = 2H3p04.] Phosphoric acid may be 

obtaino(i directly from pboaphonis by oxidising with nitric acid. 

Phosphori(j acid forms salts called phoHjjihatPH. Since pliosphorii; 
acid contains three atoms of displaceable hydrogen it is possible to 
, obtain three different sodium salts of phosidioric acid ; those salts 
whiesh contain atoms of hydrogen as well os sodium are known as 
acifl while those in which all the hydrogen atoms have been 
displaced are called normal mitn. 

'Phosphorous Oxide^ P40g, is formed to a small extent w’hen 
phosphorus bums in air, the quantity increasing if the supply of air 
is insufficient. It is a white solid with a garlic-like odour. With 
water it forms phosphorous acid, H3PO8. 

Compounds of Phosphorus and Hydrogen. — The most important of 
these is phosphine or phosphoreiUd hydrogen^ PHg, It is evolved 
when pliosphorus is hejited with a strong solution of caustic smla. 
It has an offensive smell of rotten fish. When prejMired in the 
manner described in thechajiter it is spontaneously inflammable, but 
this is due to its admixture with another compound of phosphorus 
and hydrogen, P2H4, which can be got rid of either by passing the 
gas through a cooled receiver or by allowing it to stand over 
water. 

Manufacture of Phosphorus. — Phosphorus is usually prepared from 
the residue obtained by buniing bones. This residue is a phosphate 
of calcium, Ca3(P04)3. By treating this compound with sulphuric 
acid it is converted into phosphoric acid. After concentration the 
phosphoric acid is heatea with powdered coke in cast iron retorts, 
when phosphorus distils over and is cooled by water. 


Questions on OnAPTER XX. 

1 . In what respects do red and yellow phosphorus differ, and in 
what respects do they resemble one another ? What reasons have 
we for believing they are chemically identical ? 

2 . What is forme<l when phosphorus bums ? Give an account of 
the appearance and properties of the product. 
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" 3- What are phosphates, and how may they be obtained ? 

4ij: ^How is ordinary phosphoric acid obtoinra ? What is its effect 
ii{^' caustic soda ? 

t. Give an account of the prej^ration and characteristic properties 
of phosphoretted hydrogen. What precautions have to be strictly 
observed in its preparation ? 

6. Describe, with diagram, an experiment to find the relative 
weights of phosphorus and oxygen which combine during the com- 
bustion of phosphorus. 

7. When phosphorus has been kept for some time it may not 
have the appearance and properties wliich are usually ascribed to it. • 

, Why is this ? 

. 8. What oxides of phosphorus are there ? How are they obtained 
and how do they differ ? 

; 0. For what purposes may the higher oxide of phosphorus be used 
in chemical work, and to what property is its use due ? 

' 10. -Give a short- account of the mode of production of phos- 
phorus. For what puri>oses is phosphorus chiefly employe<l ? 

11. ^ How is it that whereas only one salt is obtained by the action 
of caustic soda upon hydrochloric acid, three salts are obtainable 
from ph^phoric acid ? 

12, Phosphoretted hydrogen as ordinarily prepared is spon- 
taneously inflammable. It may however be so prepared that it is 
not spontaneously inflammable. To what is the difference due, and 
how may the first gas be converted into the second ? 



CHAPTEE XXI 

CARBON AND SOME OF ITS COMPOUNDS 

Fonns of Carbon.— CArbon is nn element which is very widely 
distributed in nature, being present in all living matter, and in 
most products resulting from vital activity. 

Expt. 290.— Heat a series of organic stibstances, such as 
meat, wood, potato, egg, &c., in a crucible, and notice in all 
cases the production of a bhwjk residue, consisting lai’gely of 
carbon. Heat more strongly, and obseiwe that it bums away, 
leaving an almost colourless ash. 

Carbon occurs also in many rock masses, being a constituent of 
all the minerals known as carbonates. Combined with oxygen as 
carbfui dioxide, it occurs in the atmosphere and cei-tain natural 
gases, or dissolved in spring waters. 

In the pure state it exists in various alloti’opic fonns. Of 
these tlie purest and the most valuable is the Diamond. This 
form of carbon is crystalline and very hard, being capable of 
scratching all other minerals. Its refractive index (p. 171) is 
. very high, and on tliis depends its brilliancy as a gem. Diamond 
is proved^ to consist of carbon by burning it, when only carbon 
dioxide results. 

Blacklead or graphite is another form of almost pure carbon, 
with properties totally different from those of the diamond. It 
is opaque and black, and so soft that it will mark paper. It is 
really a crystalline form of carbon, although good crystals are 
not very common. It occurs naturally in mines, chiefly in Cali- 
fornia, and was formerly largely obtained from Cumberland. 
Besides its use for lead pencils, it is also used as a lubricant. 
Other forms of more or less pure carbon in an ixaCTTStalluied 
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or amorphous state are tohe^ aiid gas carbon^ which result from 
the heating of coal ; lamphlacJc, which is the carbon deposited by 
oils, &c., burning in an insufficient supply of oxygon ; uHfod 
charcoal, tfrc., obtained by heating wood, in closed retorts or in 
stacks under earth. 

Charctjal has the j)ower of absorbing many gjvses, and also of 
absorbing colouring matter, and on the latter account it is used 
for decolorising solutions coloured by organic matter. Coal con- 
tains hu*ge quantities of carbon, especially the harder or anthra-^ 
cite coals, where the quantity may reach 94 per cent., being, 
however, only about 65 in the brown coal or lignite. Animal 
charcoal is really a misleading term, as the quantity of carbon 
present is usually only about 10 or 12 per cent. , the remainder 
being chiefly bone-ash. 

Gomponnds of Carbon.— Carbonates.— It has been already 
stated that when carbon burns it forms an oxide, which is called 
carbon dioxide. This is known to bo a colourless gas, with a 
very f.atht smell ; it may bo recognised by the turbidity it 
produces in lime-water. We must now study this gas fuither, 
and investigate the change it produces in lime-water ; but before 
doing this, it will be necessary to know something concerning 
the latter, so that wo shall first examine lime. 

Lime. — Lime is a white solid, which is unchanged on heating ; 
but which, if heated sufficiently, glows and emits a brilliant white 
light. It is on this account employed for the j)roduction of the 
limelight, where a small, hard cylinder of lime is strongly heated 
in an oxy-hydrogen or oxy-coal-gas flame. 

Expt. 291. — ^Dissolve some lime in hydrochloric acid, and 
evaporate the solution to dryness. Note the formation of 
a white solid, which lapidly absorbs moisture from the air 
and liquefies. It has been previously used in some of our 
experiments under the name of calcium chloiddc. 

Try the effects of other acids, and observe that lime yields 
with nitric acid a white soluble solid, and with sulphuric acid 
a white insoluble solid. 

Expt. 292. — Test some wet lime with litmus papers. 
Observe it changes red litmus to blue. 

Lime is obtained from chalk, or from limestone, the rock 
being strongly heated in kilns, from which, after the burning. 
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the lime is rakocl out. If a pio^ of freshly formed lime oau be, 
obtained it should be examined. 

r-' 

Exit:. 293. — To some fresh lime add some cold water, »nd 
observe that the mass gets very iiot and swells ut), still re- 
mainmg a solid. 

This lime is known as giwVfc Ihic, and by this addition of 
water becomes in some way changed, since the further addition 
* of water causes no further evolution of heat. The altered lime 
is known as slaked Hme. 

To find out the change undergone by the chalk in liim stone 
a small portion should be heated, and the gain or loss of weight 
recorded. This can be done if a furnace — a muffle furnace is 
very convenient — is available. 

Exrr. 294. — Weigh a crucible and in it place some 
powdered cludk.^ Heat it in a muffle furnace at a bright red 
heat for a few hours, allow it to cool, and again weigh. Cal- 
culate the loss or gain for 100 grams of chalk. 

It will be found that the chalk loses about 44 per cent, of its 
weight, and it is thus proved that the lime consists of chalk 
from wliich some constituent has been expelled by heat. 

Exi’T. 295. — To a little chalk in a test-tube add some 
dilute hydrochloric acid. Note brisk efteivescence occurs. 
Fit a delivery tube to the test-tube and pass the gas evolved 
through lime-water, and observe the formation of a white 
jmecipitate resembling that produced by carbon dioxide. To 
some of the precipitate add a little dilute acid, and observe it 
becomes clear, with slight eflfervescence. Evaporate the solu- 
tion left in the test-tube and see that, as in the case of the 
action between lime and hydrochloric acid, calcium chloi^ide 
is left. 

From chalk then, by the action of hydrochloric acid, we 
obtain carbon dioxide and the product which results from the 
interaction of the same acid with lime. It appears thei^eforo 
probable that the chalk consists of the carbon dioxide and the 
lime. The next experiment will prove whether or not this is 
the case. 

1 It is worth while tp jroiut out that the prepared subetanoe used for black-board 
writiiig Is often not chalk. 
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residue l)oin<; known to hp a?u oxide «)f n TneuiJ, ‘^o iliat they 
consist of cjirlxm dioxide «‘ii*d ,*i iiietullic OMdo. 

Exit. 297.— Heat cojjpcr carbonate, aivl oljserve the pro- 
duction of black oxide of copper. 

This leads us to tlio idea that lime is also the oxide of a 
niotal, and this view is now known to be eoircet, the metal 
bein^ nanual ntlriimi. Lime therefore is miVZ/oa 
and elialk cdlcitna carboiuile, Ca(K)<j. Tlie action of carbon 
dioxide upon lime-water may be writt-eii 

OaO + C(),=CaCO., 

and the deconiposii i(jn of chalk by boat is given by the e(|uation : 
CaCO, = Ca() -f- C(K 

Carbon Dioxide. — We are now in a }»osition to prof 'are larger 
<juaiitities of pure carbon dioxide, and to* study its ]>vo])erties 
more fully. 

ExfT. 298. — 111 a flask fitted with cork thistle funnel, and 
delivery tube (Fig. 136), place some chalk or marble (also a form 
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of calcium carbonate). Pour in some dilute hydrochloric acid, 
and collect the gas over water as in the case of the preparation 
of liydrogeii. Collect throe jars. 

Pass the gas through a solution of , lime-watiT. Cbseive 
the formation of the white precipitate wliicli afterward dis- 
a})})cars. Boil the solution so dSfeiincd, and ludice the 
re f)reci|)it;ition. 

In the tirst jar place a lighted taper. Observe the effect. 
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Shake up witli water, and pour the water into some blue 
litmus solution. 

Pour the gfis from one jar into another, as shown in the 
diagram (Fig. 137), and test 
both jars by a lighted tiiper. 
It will be seen that the lower 
jar contains the gas. 

Properties of Carbon Dioxide.^ 

—It is thus seen that car bo’ll 
dioxide is a heavy gas which does 
not burn nor au])i)ort conduis- 
tion. It is slightly solul)le in 
water, the solution acting as a 
weak acid and turning l>lue litmus 
to a port wine colour, different ' 
from the red produced by strmig 
acids. 

The solution of the gas may in 
fact be regarded aS'Coiitaining an acid^ carbonic acid, of composi- 
tion II2CO3 (thus, CO2 + H3O = HgCOs^-from which the carbonates 
are derived. 

The formation of the white precipitate with lime-water has 
ijocn shown to be due to the formation of calcium carbonate. 
Its disappearance is usually ex}dained by the statement that the 
calcium carbonate is soluble in a solution of carbon dioxide, 
although insoluble in pure water, and is hence re- precipitated 
when the gas is boiled away. The true explanation uKJSt 
|)robably is tliat really a now compound is formed from the 
calcium carbonate and the carbonic acid, viz., CaHgCaOg, hydrogen 
ciilcium carbonate, which is soluble in water, and which decom- 
poses when heated, again forming chalk. 

Uses of Carbon Dioxide. — The fact that carbon dioxide is a 
non-supporter of combustion is made use of in many forms of 
chemical fire extinguishers, which are generally solutions which 
on heating evolve carbon dioxide in which the burning cannot 
take place and is therefore extinguished. 

The solubility of carbon dioxide in water is increased by pres- 
sm'e, and the sparkling nature of the various aerated waters is 
duo to the carbon dioxide with which they have been charged at 
high ])res8ures, and which escapes when the pressure is reduced 
to that of the atmosphere by the opening of the bottle. It is 
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also j)rfKliicod during fcrniont-ati«;Ti, the “risfing ” of bread being 
due to tlio escape of carbon dioxide generated by the fermenta^ 
tioii of the saccharine matters formed from the starch under tliO 
influence of the yeast. 

By c^»]d and pressure carbon dit)xide may bo liquefied and aisn 
solidified, forming a soft white substance, which when mixed 
with ether forms a powerful freezing mixture, the tcmpcrahirc 
sinking to about - lOO"* C. 

Occurrence of Carbon Dioxide. — Carbon dioxide has been 
alreatly suited to exist in the atmos])hore, and to be produced 
l)y the oxidation of animal and vegetiiblo tissues, wliile furt-her, 
under the influence of sunliglit it is reconverted by the green parts 
of plants into its constituents, of which the carbon is used by the 
plant in the formation of tissue. It is also found in many natural 
gaseous emanations, and is frequently juxisent to a large extent 
in tlio gases of caves /ind underground passages, where, owing to 
its high density, it tends to accumulate, if formed by fermenta- 
tion or otlier natural jirocosses. In expired air carbon dioxide 
is present to the extent of aliout 4*7 per cent. Although such 
.air is not again respirable, this is partly due to the diminution of 
the oxygen, and it is doubtful whether carbon dioxide has 
any direct jioisonous effect. The proportion of carlion dioxide 
may l)c increased to even 20 per cent, without immediate serious 
eftVicts if only the <£uantity of oxygen be simultaneously increased. 

Proof of formula OO2. — The density of carbon dioxide should 
1)0 found in the manner indiciited for hydrochloric acid gas, and 
will be found to be 22. As, further, the combustion of carbon in 
oxygen leads to no change of volume, the formula 00^ for the 
gas, with the atomic weight of carbon = 12, is indicated. 

Hardness of Water.— Exrx. 299.— To a solution of cal- 
cium carbonate or chalk, in water containing carbon dioxide, 
add some soap solution and shake. Observe that a great 
<iuantity of soap must be added before a lather is obtained. 
Boil the solution first, and again add the soap. Observ e a 
lather is readily formed. 

The solution is hence a very hard water, but becomes soft 
again by boiling. The temporary hardness may then be due to 
chalk dissolved in water by tlie aid of carbon dioxide, and the 
rojison for the loss of hardness on boiling is evident, since the 
chalk is tlicii precipitated and 110 longer exists dissolved in the 

u 2 
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water. Temporary liartlm;ss is in fact generally due to chalk, 
but another closely allied compound, magnesium carbonate, 
gives similar i-esults. We may say, however, that it is due to 
the carhonaU's of mldinn or mujneahnn dissolved in water con- 
taining carbon dioxide ; and the white solid obtained iiiExpt, 250 
was pr<jlmbly one of those compounds. 

Exit. 300.~ Shake a solution of calcium chloride with 
soa]) solution. Oliservo that this is also very hard^ but that 
the hardness is not removed by boiling. The water is pr/'-* 
mumtdbj hard. 

Fermaneiit hardness is also generally due to a calcium salt 
(or magnesium salt) soluble in water itself, and hence not pre- 
cipitated by boiling ; calcium sulphate or magnesium suljiliate 
is the salt most commonly found in jiermanently hard water. 
In either case, i.e.^ temporary or permanent hardness, the 
calciuii^ (or magnesium) unites with a ])ortK)n of the soap and 
hence destroys it, forming a ])recipitate which renders the w.ater 
turbid. Until sufficient soap is used to unite with the whole 
of the calcium jircsent no lather is obtainable. 

Lower Oxide of Carbon.— Tf a coke or charcoal fire be ob- 
served, flames of a j)couliar bine colour are usually seen playing 
over the to]). As, however, the only snl)sUnces concerned in 
the combustion are carbon and oxygen, and since carbon itself 
docs not burn with a blue flame, while carbon dioxide is quite 
incombustible, it appears probable that there must bo some 
other compound of carbon and oxygen which is prcnluced and 
whicl) burns with these blue flames. Further, it seems probable 
that tlie oxide is a lower oxide, i.e,, contains less oxygen, as if 
a compound with more oxygon existed we should expect the 
carbon dioxide to burn and form this oxide. We may there- 
fore tirst endeavour to obtain this oxide by abstracting some of 
the oxygen from carbon dioxide. 

Expt. 301.— -In a hard glass tube AB, such as was used 
ill Expt. 234, place some iron filings. Pass over these filings 
a current of carbon dioxide, dried in the usual manner. Heat 
the filings, and let the end B of the tube dip under a strong 
solution of cfiustic potash, which absorbs any unchanged 
carbon dioxide, a tube containing the same liquid being inverted 
over the end (Fig. 138.) Observe that the bubbles of gas which 
come from the end of the tube arc almost completely absorbed, 
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l)ut that li gas slowly collocis and tills the t il>c. Tako out iho 
tubo and apply a light to the gas. Observe that it burns with 
a blue tlaino. 

VVe ha\'u, thoiofore, obtaijied the gas expected, .ajd if tbe 
lube be oxaiuijicd oxide of iron is seen to be pj’osent. On 



burning, the gas again forms carbon dioxide, and its composition 
may be represented by 00, the name caxbon monoxide* being 
given tt) it. We may then state : — 

Carbon dioxide and iron yield carbon monoxide and iron 
oxide, or 

4C( -f 3Fe = 4C0 + Fa.p^ . 

The hiiniing of carbon monoxide may be also exju’ossed by t lie 
following e(j nation: — 

20o+().j=2av 

Changes in a Co£e tire.— The formation of this gas in coke 
fires may now be readily explained. By the burning of the carbon 
in the lower parts of the lire, where the air enters and sntticient 
oxygon is ])resent, carbon dic»xide results, but when this passes 
over the heated charc(»;d in the uj^por jiarts where iiisufticient 
oxygen is present, it ])arts wdtli some of its oxygen, hu’iiiing 
carbon monoxide. Thus, 

002 + 0 - 200 . 

1 It is sometimes spokeu of as carbonic oxide, but the name used above is pref- 
eriiblu. 
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When it again iiiocts sutticiont oxygen at the top «>£ the 
lire, this monoxide to the dioxide. Carbon mon- 

oxide may in fact be i)re]>ared ])y passing tlie dioxide over 
heated charcoal instead of heated iron, but the tojuperatin'o 
re<j[uired is higher than that necessary in the exiicnimeiit 
described. 

The gas so obtained is colourless and very poisonous. It 
acta {IS a direct poison, since it rcphices the oxygen from its 
compound with the htemoglt)bin of the blood. For this reason 
the ventilation of rooms heated by coke stoves, and the complete 
removal of the prrjducts of combustion should be alw.ays >vell 
attended to. 

Oompoimds of Carbon with Hydrogen. — Carbon also forms 
comjKmnds with hydrogen, direct union occunung when the 
electiic arc is ]U’oduced between carbon j)olos in .an {itmosphere 
of hydrogen. The compound resulting is known as Acetylene, 
and li{iii*the composition represented by ClJTg. It bums witli ;i 
highly luminous dame, ami is present to a small extent in tlie 
products of the incomplete combustion of coal g.as. It is now 
prepared largely by the action of water on caldmn carbide, and 
its cleanliness .and case of x)rcparation will probably le.ad to its 
wider use as {ui illuminant. 

Ethylene, another compound of carbon and hydrogen, is a 
product of the destructive distillation of coal, wood, &c. It is 
hence present .as .a constituent of coal gas. It is re.adily obtained 
i)y heating a mixture of alcohol and sulphuric {icid. Like 
acetylene, it bums with a bright, but less luminous d.ame. At 
low temperatures it may be liquefied, and by allowing the liquid 
ethylene to nijudly evaporate (page 15.o), tlie temjier.aturo is so 
greatly reduced that air imiy be Ihiueficd. The composition is 
represented by O^H^, .and the following equation may be given 
for its preparation : — « ^ 

C2H,OH-ajl4 + H..O. . 

Alcohol Ethylene. 

Ln this duly the final jiroducts are considered, intermcduite com- 
pounds .are, however, ro.ally fii*st formed between the alcohol {Uid 
the acid. 

Marsh Gas. — M.irsh g.as, or methane, has the composition 
OH^, .and occurs mitunally, being a product of the decomjiosition 
of vegetable imitter. It is found rising to the surfiice in 
sw.amps, {ind thus obtains its name marsh gas. It is also fre- 
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(]uoiitly found in coal mines, and is hnown .*'•* fire-damp, U. is 
an inflammable gas, and hcncc its presence js a source of danger 
in collieries, and many disastrous oxpL isions have been caiu ed 
by its ignition.^ Water and carbon dioxide (the after <lamp) arc 
produced by its combustion, and the effects of the products in 
causing suffocation are often more fatal than those of the explo- 
sion itself, while the jiresence of small quantities of carJxm 
monoxide adds greatly to the loss of life. 

• In the laboratory, methane is usually prepared by heating a 
mixture of sodium acetate and caustic soda. It is cclourloss, 
odourless, insoluble in water, and bums with feebly luminous 
flame. 

Ordinary coal gas consists of a mixture of various hydrocarbons, 
chiefly marsh gas, together with hydrogen. By its combustion 
carbon dioxide and water are formed. If suflicient air be intr(j- 
duced into the flame it has been seen (Chap. XV.) that this 
combustion proceeds without the sepamtion of any carbon. If 
air be not introduced into the gas some of the hydrocarbons 
become decomposed — the hydrogen burning, to form water, and 
the carbon being separated. This carbon is raised to incan- 
descence and afterwards burned, when there is suflicient air. 


CniKP Points of Cuaftkii XXI. 

Carbon is present in all living matter. When organic substances 
are moderately heated, a black residue largely composed of carbon fs 
left. If the temperature is raised, the cai Don bums away and an 
almost colourless ash is left. 

Carbon exists in several allotropic forms. Two of these, diamond 
and (fra 2 )hite, are crystalline. Non-crystalline or amorphous carbon 
is known in varying degrees of purity as col’e, gas carbon, U’ood 
charcoal and animfid charcoal. 

Lime, which is used in making Hme-watbr, is a white solid which 
is unchanged on heating. But when heated intensely it glows and 
emits a brilliant white light. It dissolves in hydrochloric acid to 
form calcium chloride. Wet lime turns a red litmus paper blue. 
Lime is obtained from chalk and linie.stone by stn)ngly heating them. 
When freshly made it is called guich lime which combines with water, 
evolving much heat and ])ecomiug converted into staled lime. 

When Chalk or Limestoxie is heated it loses al>out 44 per cent, of 
its weight. This is due to the loss of carbon dioxide. Tlie same 
gas is evolved when cither of the substances is acted upon by hydro- 

1 Finely divided coiil dust lias iilso been shown to be wiiKible of gii ing rise to 
explosions, and it is possible that many regarded as due to fire-damp were in realit y 
due to coal dust, which appears to produce more violent explosions tliiiri the 
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(jhloric acid. By ascertaining the weight per cent, of carhon dioxide 
which is given off by the ch«alk, we can prove that chalk is really a 
coniponnd of lime and carbon dioxide. 

Carbon Dioxide is a heavy gas which docs not burn nor support 
combustion. It is slightly soluble in water, the solution acting as 
a weak acid which turns blue litmus to a })ort wine colour. "Miis 
solution may be r(;garded as carbonic, acid, HyOOg. The solubility of 
carbon ilioxide in water is increased by pressure. By cold and pressure 
it maybe liquefied and also solidified to a soft, white substance, wliicli 
when mixed with etlier forms a powerful freezing mixture. 

Carbon dioxide is always found in the atmosphere, being producetl 
by the oxidation of animal and vegetable tissues. This carbon di- 
oxide is decomposed by the green colouring matter of plants in the 
presence of sunlight. It is very common in caverns in limestone 
regions. Its formula is CO 2 . 

Explanation of Hardness of Natural Waters . — Ttmporavy hard- 
mfi.s is due eitlier to chalk ((;alcium (iarbonat(0 or to magnesium 
carbonate whicli is dissolved in the Avatcr. The solution of thest? 
compounds is possible be(;ause the carbon dioxide in the water first 
converts tli('iu into soiiddc hydrocarhonatvH, Wlien the water is 
boiled tlj^jse compounds are converted into insoluble carbonates. 

Pc.rmamut hardness is generally due to calcium or magnesium 
sulfdjatc Avlnch is dissolved in the Avater. They cannot be got rid (»f 
))y Ijoiling because they are both soluble in water. 

Carbon Monoxide contains less oxygen tlian the dioxide. It can bi‘. 
prepared from the dioxide hy abstracting some oxygen. This can 
be effected by passing it over heated iron : — 

4 OO 2 + 3Fe = 4CO + FegO^. 

(larbon monoxide bums with a blue flame, forming carbon dioxide 
again : 2CO + O .2 = 2 OO 2 . Tt is a colourless gas a\ Inch is very poisonous. 

Compounds of Carbon with Hydrogen. — Acefyh m , CgH.,, is fornuMl 
by the direct union of carbon and hydrogen. Itbums Avitli a highly 
luminous flame, and is present to a small extent in the products of 
the incomplete combustion of coal ga.s. It is now largely prepiired 
by .the action of water on calcium carbide. 

EUiylent, C3H4, is a product of the destructiv’e distillation of coal, 
woojI, &c. , and is hence found in coal gas. It can be readily prepared 
by heating a mixture of alcohol and sulphuric acid. It burns with 
a luminous flame less bright than that of acetylene. Liquid ethylene 
lias bi‘cn obtained. 

JMarsli Gaji, (JH4, is also known as methane. Since it is one of the 
jiroducts of the decomjiosition of A^egetable matter it is often found 
rising to the surface of swamps, hence the name marsh gas. It 
occui’s in coal miiu^s re-damp. It is generally prepared in the 
laboratoiy by heating a mixture of sodium acetates ami csaiistic soda, 
when it is seen to be a colourless and odourless gas which burns Avith 
a feebly luminous flame. 

Gu(d Gas consists of a mixture of hydrogen, carbon monoxide, 
marsh gas, and other Jiydrocarbons. In its ordinary combustion 
«;arbon is at first separated and is a cause of the luminosity of the 
flame. 
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QITKSTIONS <;N ClJAl’T'-’n XXI. 

• 

1. (live can account of tlie iliHerriit ino<lilic.ations of wir)>(>ri. 1J« w 
may it be })iove(l that they all rejilly consist of the sanu; ‘ iibslanct ’ 

2. What coinponmlH of carlion and oxygen exist? How ina\ they 
be oldained, and how may they be mutually converted into one 
another ? 

3. Wlien carlx)n dioxide is pa.ssed into lime water, tlic latter 
becomes lirst turbid and afterw'ards clear. Explain the ehemieal 
•nature of tlie causes of these changes. 

4. (live a brief account of the part' phayed by carbon di<^»xide in 
liici CTjonomy ^»f nature. 

5. Explain tlie cause of the blue flames which are frequenliy secu 
playing at tin* top of a coke or charcoal liie. 

(). IJF a gas conlaiiiiiig a mixture of the two oxides of carbon were 
given you, liow' could you doteniiine the quantity of eardi jircscnt ? 

7. Doseribc thre(; exjierimeiits to sliow the high density of carbon 
dioxide, its eflcct on combustion, and its action on liinc-waU r. 

8. J»y wheat means would you prove the presence of (rarboii dioxide 
in atmospheric .air .and expired air? 

9. If carbon dioxiilc be passwl over heated iron tilings what otlic.’ 
product is formed? How would yon (collect it, and in what 
particulars does it ditl’er from carbon dioxide ? 

10. What is the chemical nature of chalk and lime ? How could 
you fibtain lime from chalk and rice versa ? 

11. l)cs<*ribc .an experiment to determine the quantity of carbon 
dioxide which is evolved by the action of .acid upon one giain of 
chalk. 

12. What is marsh gas ? Why is it so called ? What are its 
properties ? 

l,‘l. What is («) “ Are- damp,*' (h) “after-damp*'? What are the 
dangers due to the presence of much fire-daiiip in mines ? 

14. ]3y what tests w'ould yon ascertain whether eirervescence 
caused by pouring suljjliiiric acid on a juiwalerwas due to the •■scape 
of (jarlMUi dioxide, sulphur dioxide, hydrochloiic aciil gas, or 
hy«b*ogen ? 

1.*). What is the meaning of hard and soft water ? How' would you 
test to se.e whether a w^ater is hard or soft ? 

16. Why are some waters “ permanently” hard, and others only 
temporarily so ? Explain clearly what is meant by these expressions. 

17. Rain water is soft, but spring w.ater is geneially hard. l>y 
what process has the soft rain waiter, after falling, btscome hard before 
issuing as a spring ? 

15. What d(W5S coal gas consist of? What products are foiancd 
by its ctuidmstion, and how would you endeavour to exi)eriiiientally 
lii’ove your ausw'er ? 

19. Describe the apparatus you would use for the prtKluction and 
collection of carbon dioxide gas ; iiuuie the materials required, and 
describe the properties of tlie gas. 

20. (fliarcofil burnt in air or oxygen in a bottle (jontaining lime- 
water produces a wliite nrecipitate in the lime water. The white 
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precipilatLi, if oolleutod aiul mixed with hydrochloric lund, dissolves 
with effervescence. What experiments wouhl yon make in order to 
compare the gas thus obtained with that obtainable from the 
breath ? 

21. Three bottles filled with colourless gas are placed before you 
containing (a) hydrogen, {h) nitrogen, and (r) carf>oii dioxide. J)e- 
scribe experiments you would make in order to distinguish them 
from one another, .and from other gases. 

■ 22. Describe .and explain the ch.ange8 which take place; wlicn (a) 
limestone is burnt in a kiln, {h} water is added to some frcslily burnt 
lime. 

28. How is lime distinguished from limestone as to composition 
and properties ? 



CHAPTER XXII 

ACIDS, iJASKS, ANi» SAITS 

Acids and Salts.- It lias already been shown that from 
h\jdriMom ttcid Hdto can be obtained common salt and other 
allied compounds, called chlorides^ while from mlphunc acid 
we get a series of compcunds called sxd'phufes. It will be 
necessary to consider a little more fully the formation of these 
compounds. 

Besides the two acids mentioned above, a third is very 
fre(i[uently employed in the laboratory, viz., nitric acid^ HNO.j. 
Examine this acid, and notice that it gives off pungent, choking 
fumes, especially on heating, being then coloured yellow. By 
the action of cojiper, red fumes and a blue liijuid result ; this 
forms a good means of recognising the acid. If the blue liiiuid 
be cvajiorated and allowed to crystallise, a salt ^\hich closely 
I'esembles the copper sulphate is obtained, Avhich is called vojfper 
nilrah, consisting of nitric acid in which the hydrogen has been 
replaced by cojiper. 

We may therefore consider acids as compounds containing 
hydrogen which is capable of being replaced by a metal 
with the formation of salts. They have usually a sour 
taste and change the colour of blue litmus to red. Salts 
may be evidently defined as compounds resulting from acids 
by the replacement of their hydrogen by a metal. 

Preparation of Salts. We win frtM[nently prepare salts by 
the action of the acid directly on the metal, and numerous 
examples of such action have been studied. In the first place 
hydrogen is lilicrated, and this hydrogen may either pass off* as 
a gas or may react again with the acid to form variouLS products. 
All example of the first case ha.s been seen in the action of 
sulphuric acid on zinc, and of the second case in the action of 
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nitric acid on copper. If, however, an oxide of the metal he 
used instead of the metal itself, such secondary actions are 
avoided, as the following experiments show. 

Expt. 302. — Burn some magnesium, and collect tluj white 
solid formed. Observe that it is a white iK>wder insoluble in 
water, which glows when strongly heated, but does not 
undergo any chemical change. 

To some of this oxide add some diluted sulphuric acid, buti, 
not qtsite enough to dissolve all the oxide. Observe that the 
oxide dissolves v'Uhont the evolution of gas. Filter, ])artialJy 
evaporate, and allow it to crystallise. 

The white crystals so obtained consist of 'magnesium sulphale. 
Tliey possess a bitter saline taste, and may be easily proved 
contain water of crystiillisation (p. 23b). Tliey are commonly 
known as Kpsnm Sails, and are used as an aperient. In this case, 
theji, no hydrogen was OA’^olved, since the oxygen of the oxide 
was caj>able of combining with it to form w'ater ; thus : — 

MgO + HoSO, - MgSO, + II 2 O. 

Msi|,niusium Miy,n)eshim 

Oxide. Sulidiato. 

Similar results may be obt/iined if nitric or liydrochloric /icid 
1)0 used in jilace of sulphuric acid, with the formation of magne- 
sium nitrate, Mg(NO.J 3 {, mid magnesium ehloridc, MgOL, : — 

MgO + 211 NO;; - Mg(NO,)., +11,0. 

MgO + 2HC1 = MgCl. + H.( ). 

Calcium Salts. — Other metallic oxides can ij) a similar m.umei- 
react with acids, with the production of salts and water. 

Exi’T. 303. — Examine lime (oxide of calcium). Note its 
effect on litmus, its slight solubility, action of hcfit, &C. (page 
280), and, as above, endeavour to prep.'ire the calcium sulphate, 
calcium chloride, and odcium nitrate. 

You will find that crystals do not result, but that calcium 
chlorulAi and calcium nitrate are both w'hite solids which retidily 
absorb moisture from the air. Owing to this the former is, as 
we have seen, largely used for drying gases, &c. The snlphde, 
however, does not dissolve in water (at least, it dissolves 
only to a very small extent, viz,, about 2 f)arts per 1,000), and 
hence the acid may at first be thought to have no action, but 
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tlio action is readily prevcd to take pl.'cc Ijy the 1 (»sr of itV 
characteristic i>ro[)ert.ioK hy the acid Owing to its in.solubili^> it 
is also formed as a precipiUte, vdien sulphuric acid is added to 
a fairly strong solution of calcium chloride or Cidcium nitrate. Tt 
is largely used ttHihnically, being the substfince known as (jypsiiw 
OT pluat^'r of Ports, which possesses the lU'opcrty of setting to a 
hard mass wdien mixed with water. The formation of these 
salts may be rej)resented by the equations : — 

( ’a( ) + 211N(>t= Ca(N(),)^ + H./ ). 

CaO + 2IT(J1 - CaCla + Hp. 

CaO + H..«( - CaS 04 + lip. 

Reactions of Hydroxides with Acids. — Tt has been shown 
that caustic soda and caustic ])r>tash are alsr) capable of forming 
sall-s. Tln^so comj)ounds arc, however, not oxides, but are 
known as hiftlroTides, /.c., compounds resulting from the dis- 
placement of only half the hydrogen in water, or compounds 
containing one or more OTT groui)s. Caustic soda is thus so(/ut?a 
htuh'o.ride, NaOH, and caustic j)otash is pofassittm htjdroxided 
KOIT. liie latter compound may be prepared by jdacing the 
metid pobissiuui on water. In this cjisc the action is far nuuv 
energetic than is the case with sodium, and the metal appcsars to 
burn on the surface of the water with a violet flame, in reality 
it is the liberated hydr(\gen 'which burns, the violet colour being 
due to vajjours of p<jtassium. 

Kxpt. .‘>04. -Place a small ])iece of potasium on water, and 
afterwards ev.qicirate the liciuid to dryness. Examine the 
solid ju-oduced, and c(»m])arc it wdth caustic soda. 

Caustic soda and caustic potash will be found to resemble one 
another closidy. They arc both white solids, with a peculiar 
soa])y feel, both turn red litmus blue, and both absorb mois- 
ture and carbon dioxide very readily from the air. 

Expt. 305. -Make solutions of caustic potash and caustic 
soda, and neutralise both by (1) sulphuric acid, (2) nitric 
acid, (3) hydrochloric acid. If care be taken the solution 
may bo made almost perfectly neutral, i.e., neither acid nor 
alkaline. Evaporate the solutions so obtained and allow them 
to crystiillise. 

1 These coniiKniiiflM aru iilso called sodium hydrate and pota'^'^ium hydrate, hut 
Ihi* term hydroxide is preferable. 
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The following s»lts arc thus obtained : potasaium 
potassiwn v Urate, potat^i^hmi rhloHde^ sodi}im s^dphate, aodhim 
nitrate, and sodium chloride.. All are white solids, tw'o of them 
being important commercial products, viz., ])ot{issium nitrate, 
which is known as nitre or salt’/Hitre, and sodium cldoiidis which 
is common soU. 

Quantitative Nature of the Reactions.— Tt will In* also 

necessary lo t^x.-imiiu^ those reactions ipiant-italively. 

Expt. - \\ eigli out olunil 40 grams of pure caustic soda 
and about. 50 grams <»f pure caustic [»otash. (To do this a 
weiglicd and corked tlask may be use<l, since tluvse cojujh minis 
rapidly absorb moisture from tin? air.) Dissolve eacli in 
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distilled water and make up the solution to exactly I litre, 
using a measuring flask for this purpose. Make up also dilute 
solutions of Kuliiliuric, nitric, and hydrochloric acids ; about 
I vobune of tlie strong laboratory acid to 20 volumes of water. 
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Fill a hnrcMe with caustic soda Rol:?tion, anil place 5^5 c.c. 
of the sulphuric acid solution in a fiask. This is done by care- 
fullij sucking up the acid into a pipeile until the liquid jiasses 
the 25 c.c. mark, then speedily closing the to}> of the ]):potte 
with the finger, and allowing, by slight motion of <^lie finger, the 
liquid to run out until it is exactly at the mark. T<t thiS a<'id 
add a drop of litmus, whereby the solution is eohiurcd a bright 
red. Now run in the itaustic soda solution fri'iu the buriitte 
until the acid is exactly neutralised, the point of neutralisat ion 
being known by the change of colour from red to blue, which 
occurs when the smallest excess of the caustic soda is added. 
Note carefully the number of cubic centirnetres of caustic .-.oda 
solution required to neutralise the acid. Do the exjieriment a 
second time to verify your result, and then perform a similar 
pair of experiments with the other two acids, and with the 
caustic iK>tash an<l the three acids. Your results may be entered 
thus : — 


lif) C O. of 


o.c. of caustic Sofia 
rccjuirofl. 


I 

c 0. of caustic potiuli 
rc(pii!’c<l. 


Sulphurie acid 15*4 

Nitric acid 18*2 

Hydrochloric acid .. 2<) 0 


17:i 

20-4 

22*4 


As, however, the strength of the solutions of caustic sod.i and 
caustic potash are known, we may instead of the number of c.c. 
of solution write the number of grams of the dissolved com- 
pound. ITius suppose that 40 grams of caustic scnla and 50 
grams of caustic potash were used, then 1 c.c. of the solution 
contains respectively '04 and '05 grams, as that the above table 
becomes 


25 c.c. of 

1 Grams of caustic soda 

(irams of caiuatic ytotcish 

j roquircfl. 

rcquircti. 

Sulphuric acid 

•(>10 


Nitric acid 

•72S 

l - n 2 t ) 

Hydrochloric acid .. 

•800 

1 120 
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Ifonce wc find in the alxivc Bupposititious experiment that ‘80 
gram of caustic potash can neutralise as much nnlphunr acid as 
*616 gram of caustic soda, iV:c. Calculate from your own ex- 
y^eriments what (yuantity would neutralise as much of each acid 
as 1 gram of caustic soda. The result should he found to be the 
same for each acid, viz., that 1*4 grams of caustic yiotash neu- 
tralises the same (yuantity of any acid, as does 1 gram of caustic 
soila. 

Exi»t. .307. — Weigh out also some concentrated suly)huriii 
acid, which may l)c regarded as containing 98 yicv cent, of the 
f»uro acid, and make up a solution so that 1 litre contains 
about 50 grams of sulydiuric acid. Again y)ei'form the neutra- 
lisation exyieriment, and, knowing the v'eiyht of actual acid 
[ireseiit in the 25 c.c. and the rndylil of caustic soda yiresent in 
the solution of caustic soda used, calculate tlie weight ()f acid 
which neutralises 1 gram of caustic soda. You should iind that 
1*22.5 grams of acid ai’e necessary. 

As the strength of the laboratory solution of the acids varies, 
you cannot weigh tJiese, but if a solution of known strength is 
given, you could, in a similar manner, i)rovc tliat the 1 gram of 
caustic soda or 1*4 grams (►f caustic y)otash can noutralisi^ 
1*575 grams of nitric acid and *91 gram of hydrochloric acid. 
If we now calculate the results for the molecular weight of 
caustic soda we find 40 grams of caustic soda are equivalent 
to .5() grams of caustic j)otash and neutralise 49 grams of 
sulydiuric acid, 6.3 grams of nitric acid or 36*4 grams of hydro- 
chloric acid. 

Wo may represent the changes occurring in these reactions 
by the following e<i nations, and the reader should write in words 
the exact meaning of these (and all other) equations, and should 
see that the (yuantitative relations exyjressed by the equations 
are those actually found. 

2 KOH 4 - H2SO4 - K2SO4 + 2 HoO. 

2 NaOH -H - Na^SO^ + 2H2O. 

KOH + HNO3 - KNO3 + II.O. 

NaOH + HNO, - NaNO, -t- fl.p. 

KOH 4- H Cl = kci + Bob. 

NaOH -f-ITCl-NaCl-f-kp. 

We thus see that hydroxides as well as oxides may react with 
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acids to form salts and v^ter. These compounds arc bo<^h‘ 
included under the name of bases. We may henco write 

Base+Acid = Salt+Water, 

and may define a base as tbe oxide or hydroxide of a metal, 
capable of neutralising an acid with the formation of a 
salt and water. 

Alkalies. — The soluble bases, the student has probably" ob- 
, served, are characterised by alkoline pn>pei ties, i.e., are known 
as iUkalies. 

Insoluble hydroxides can be prepared by the fwldition of an 
alluili to the solution of a metallic salt. Thus, if caustic soda 
solution be added to, say magnesium sulphate, a double de- 
composition occurs with the formation of the insoluble nha^n&num 
hydroxide^ Mg(OH)2, as a white precipitate and soilium sulphate 
which remains in solution. 

2 NaOH + MgS04 = Na2S04 + Mg(OH)2. 

On strongly heating this hydroxide, the oxide itself is obtained, 

Mg(0H)2=Mg0 + ll20. 

The slaking of lime is duo to the conversion of the calcium 
i)xido into calcium hydroxide, 

Ca0-l-H20=Ca(0H)2 

Acid Salts and Basic Salts. — If the (luantity of base is 
insuflicient to completely neutralise the whole of the acid, wc; 
frequently obtain acid salts (p. 280 ), as acid sodium siil}>hat,o, 
NaHS04, thus : — 

NaOH + H2SO4 = NaHS04 + 11 ./). 

Acid salts are also called hydrogen salts. 

In other salts, on the contrary, a greater (juantity of the base 
is present than is reejuired for the neutralisation of the acid. 
Such salts are termed basic salts. 

Ammonia. — Certain other compounds, however, besides the 
metallic oxides, may act as bases, thus we may obtain salts from 
ammonia, which, by testing with red litmus, is seen to be an 
alkali. 

Exrr. 308 . — Prepare salts from the three acids, using the 

ammonia liquid of the laboratory in place of caustic soda, <fcc. 

X 
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'riiore are thus obtained salts whi(;h .are known as amiUOIlilLin 
salts, viz., ammonium sulidnite, &c. 

It will be therefore well to examine the “ammonia liquid,” 
which will be alre.ady knowm to have a very shai*]) pungent 
smell, and to colour red litmus blue. 

ExI’T. 300. — Place some .ammonia liquid in a flask and 
boil, .allowing the gas th.at is evolved to })ass over quicklime 
or solid caustic [)otash in order to dry it. Collect as sliowij . 
in the accomp.anying diagram (Fig. 140). Observe the gas has 
the same smell as the li(.juid and 
similarly acts on red litmus. 

In one jar place a liglited tajjcr. 
Place a second jar in w.ater, and 
note tlio rapid absorj^tion of the gas 
and rise of the water in the jar. 

Dip a rod in hydrochloric acid and 
hold over a jar of the g;is. Ob- 
serve the formation of wdiite fumes. 

Slmkc up a jar of tlie gas with a 
little water. Examine the solution. 
See that it is identical with the 
“ammonia liquid,” from which the 
gas W71S obtained, and that it loses 
its odour on boiling, the gas being 
evolved. 

Composition of Ammonia.— We 

Fio. 140.— PrciHiration of thus find the “ammonia liquid” is 
Auimoaium. merely a solution of ji gfis, viz., am- 

monia, which is very soluble in water, 
which turns red litmus blue, and w^hich does not support 
combustion, and is apparently not combustible. In an atmo- 
spliere of oxygen howe\'er the gas readily burns, forming nitro- 
gen and water. Tt hence conLains nitrogen and hydrogen, and 
may in fact be proved to have the comjiosition represented 
by NIL,. To prove this, a long tube is fdled with chlorine gas 
.and by moans of a funnel and the stopcock some strong liquid 
ammonia is run into the gas (Fig. 141). Combination ensues 
between tlie chlorine and the hydrogen of the ammonia wdth 
the formation of white fumes, and frequently a fliish of light. 
The stopcock is then opened under water when the water rises 
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fiiid filjs tw<»- thivdti of fho vc*luiiio of hln t the romaiiiia^ 
nitrogen. As chl<»i*ino cinubijios .vitli an equal volunieof 
hydrogen the voliniio of 
nitrogen in tlie ammonia 
is only one-third that of 
the }\ydrogen, that is, the 
gas is NIL, or NoITg, &c. 

TJio density «)f the gas 
, (8*5), liowevor, indieatc^s 
that the simjjlest formuL*- 
must be tiiken. 

The white fumes formed 
in tlje above oxi)eriment 
and by the aetum of the 
gas on hydrooliloi-ic acid 
are fumes of ammonium 
chloride, NlfiCl, aj\d its 
production may bti repre- 
sented by the ecpiation 

NlI^-t-IICl-NII^CL 

The soliition of am- 
monia has been already 
sliowii to behave in a 
manner closely analogous 
to caustic soda, and if 
aihled to a solution of a 
magnesium salt, it also 

precii)itates magnesium hydroxide. The solution therefore 
behaves like a soluble hydroxide and we may regard it as such, 
viz., as NH4OH, which results from the solution of the gas in 
water : 

NH^-kHsO-NTI^OH. 



Ki<i. 141, — Till »e for notmniuio^* ll'i 
(JonilKtsition of Aiiiiuunia. 


Amflioniuin.— The fonnation of salts from ammonia is then 
completely analogous to the fonnation of salts from caustic soda, 
and the equation may be rewritten with the substitution of 
NH4 for the Na, thus : 

NH4OH +HC1-NH4C1-1- ILO. 

To this groiq) of elements NH.,, which we may regard as exist- 
ing in these salts, the name ammonnvm is given, but it should 
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bi‘ rcmenil)ercd that it only exists in its wilts and has no inde- 
IMJiident existence. 

Expt. 310. — Heat an ammonium salt with caustic soda or 
lime, f)r merely well mix the two in a moi*tar wdth the addition 
of a little water. Observe by the smell that ammonia is 
ju'oduoed. 

The gas ammonia, then, is very readily driven oil' from am- 
monium sjilts by the action of caustic soda, &c., this action is 
readily understood from the equation 

NH 4 CI 4 - NaOH = NaCl -f Nil, OH. 

The latter product is an aqueous solution of ammonia, so the 
equation may also bo written thus : 

NH4CI + NaOH = NaCi + NH 3 + H/l. 


CiiiKF Points of Chapter XXII. 

Acids arc com])ounds containing hydrogen which is capable of ])eing 
replaced by a metal w'itli tlie formation of salts, (.y., hydrochloric, 
sulphuric and nitric aciils. 

Salts are compounds which result from acids by the replacement 
of their hydrogen by a metal. 

Preparation of Saits. — Salts may be prepared cillu r by the direct 
action of an acid on a metal, or hy the action of an aiad on an oxide. 
In the former case hj'drogen is sometimes liberated as such, while in 
other ca.se.s it reacts with some <>f the acid, forming secondary products. 
IVheii an oxide is used water is formed in idaee of liydrogen. 

Examples of Salts. — The following salts among others are prepared 
hy jncans of the experiments de.scribed, copper nitrate, the s^l^)hatt^ 
of magnesium, which is also known as Epsom salts, the chloride and 
nitrate of magnesium, and similarly the sulphate, chloride, and 
nitrate of calcium. 

Inactions of Hydroxides with Acids. — Salts are also fonned by the 
action of acids upon the hyclroxides, sucli as, sodium hydroxide, 
NaOH, or, as it is also called, caustic soda. Siimc oxides and 
hydroxides neutralise acids to form salts they are both included in 
the class of compounds called Bases. 

Bases are compounds, known as oxides or hydroxides of metals, 
whicli are capable of neutralising acids witli the formation of salts 
and water. 

Alkalis are those bases which are soluble in water. They are 
characterised by an alkaline reaction. iSodium hydroxide, potassium 
hydroxide, &c. , are examples. 
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Acid Salts and Basic Salts.- Avid .w/Z/raro tiiosorvliicli aroforiijed 
when tlie (juanlity of hn..se ia iiisiiificient t») comiiletely neutraliso tlie 
whole of the aehl on wliich it acts. Aeulsodl'iiii sulphate, NaBSO^, 
and thos(‘ sodium phosphates containing hjalr.)!^ •» mentioned «. up. 30o 
are exam pies. Hanv. sails are tliooC* whi^-h result by the action of a 
greater (juaiitity of l)ase tlnin is required for tlie eonipJete ncutrali a 
tion of the acid on which it acts. 

Ammonia. -When tlie gas, ammonia, is vlissolved in water, the 
solution whicli results acts as a base .>f the kind desiaihed as .in 
alkali. The salts w liich it foiins arc known a^ ammoniiiin salts, 
•ammonium sulphate. When the solution of ammonia in water is 
heated the dissolved gas is ag.ain driven off and CiUi he dried and 
eolleeted. 

Tlic! eomjiositiori of .ammonia is sliown h\^ the symbol NII^. That 
this is so can he proved hy tlie experiment desciuhed in tlie chaptei'. 

Ammonium. — The salts which a solution of ammonia in wati;r 
forms witli acids are exactly analogous t(> those similarly formed from 
sodium and potassium hydroxide. This leads to the name ammonia a 
hf/ttroxidv for the solution of ammonia in w'ater. The group am 
■nwninm, NH^, has no iiide])endent existence, but is only known in 
eomlMiiation. 


(JUKSTTONS ON ChlATTEU XXII. 

I. Descrilio (lie term.s acid, base, salt, and indicate Iioav they an* 
mutually r(‘latcd. 

‘J. W'liat ai’c norniul sails, acid salts, basic salts V ( Jive exanqih's 
of an acid salt. 

8. How’ would you obtain potassium nitruti* and sotlium chloride 
from their res])eet ive acids Jind h.'iscs ? 

4. What is ammonia? (live an account of its prepai’atioii and 
more characteristic properties. 

5. In wliat re.sjM’ct does a solution of ammonia resemble a solution 
of eaustie .soila or caustic pota.sh ? 

<». What do you mean hy aniinonium” and “ammonia” ? 

7. Draw the apparatus, and dc.scrihe how you would prepare 
ammonia gas from tlui ordinary solution of aiiimoiiia. 

8. Wliat is the ditferenee between the .action of an aeiil, say 
liydrocliloric aiiid, upoTi iron and oxide of iron ? 

0. How W'ould yon olitain crystalli.sed Stal-ammoiii,ac fi’om a solution 
of ammonia? How would you also obtain the solution of ammonia 
fi’om this product ? 

10. Wli.at is meant by an alkali ? (Compare the c;hcmical beliavioiir 
of an alkali with that of an acid. Describe the ajqiearance of any 
1 wo alkalis. 

II, You are re()uired to iM’ovc that with regard to its powder in 
neutralising acids hfty-six grams of caustic ])otash are equivalent to 
forty grams of caustic .so<l;i. I)e.seribe exactly how you wouhl per- 
form the experiment. 
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J2. In tlie above ijuestioii docs tlio ])ai*tieular acid employed allect 
tlie result.? Describe experiments to prove the truth" of your 
answer. 

13. Tf you wer(5 given some 7ii trie acid ami some eaustit; potash, 
des(!ri]>e ixariUj liow you would j)ro(jee<l in orchu* to o])taiii large 
eiystals of nitn*. 

Ik What are hydroxides? (Jive exam])lesof imdallichydioxides. 
What ])roduets are formed when these hydroxides react witli 
acids ? 



(J]I AFTER XXllI 

(’ALCnni CARBONATE AND SILICA 

Occurrence of Carbonates.- We have already seen lliat chalk 
consists of calcium carhonaic. ThtJ lu’oduction of lime from 
this source, togetlior with its reconversion into calcium carbonate, 
have been already studied in Chapter XXT. It occurs natuvally 
in several distinct forms, and many rock masses ai*e largely oi* 
cntii’oly built up of this compound. When pure it occurs crys- 
talline as the minerals adrife and ormjonile^ which differ only in 
tln‘ir crystalline fonns and physical properties. Calcitc is also 
known as Icrloid v(dc HjMir, and by other h>cal names. It 
is generally ipiito transparent and somewhat resembles quartz, 
from which it can he distinguished hy its inferior hardness. It 
is easily scratched hy a knife, while t|uartz is unaflt;cted. Tt is 
what is cjillcd a dindhhreJ'nu'thKj substance. If a clear crystal 
of Iceland spar he placed upon the i)age of a book and the j)iiiit 
viewed throngh it, two images of each word will he seen. 
Calcium carbonate also occurs more or loss jmi’o in the eaidlds 
crust in a great variety of forms, such as clmlJ:, Ihneatone., 
didrtrtitf', ahdmjm'de^ travertine, S:c,, some of Avhich have been 
formed by jjurely chemical means, rjthers hy the aid of li\ ing 
organisms. 

Those formed hy chemical means owe their formation to the 
pow'cr, possessed by water containing dissolved cailxm dioxide, 
of dissolving calcium carbonate, wdiicli is again preciiiikated w hen 
Citrbon dioxide esca[)es. 

Travertine or (J(drareoxis Tnfa is precipitated by sjuings wdiicb 
lose their dissolved carbon dioxide, wdiich is necessary for the 
solution of the calcium carbonate, as they flow onwards. The 
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carbonate, being insoluble in water alone, is deposited as soon as 
the carbon dioxide escapes. 

Stalactites and Stalaginites . — The streams traveling limestone . 
districts become saturated with carbonate of lime. In their 
course they often trickle through crevices in the roofs of caverns 
which have been formed in the limestone by the same solvent 
power of this pai*ticular water. The drop of water, which is 
thereby cx})Osod on the roof, is subjected to evaporation, and 



I 'U). 1-12.— Stalactites and Stalagmites in Clapliam Cave, Laiicuster. 
Frern a plnitogra]»li by Mr. George Fowler. 


the escajie of the carbon dioxide and loss of water cause a slight, 
de[)osition of carbonate on the roof, which is continuously added 
to by a constant succession of droxis, until eventually beautiful 
Iiendants of calcium carbonate are formed, called stalactites^ 
sometimes coloured by the presence of traces of iron oxide, 
and often having a wild profusion of forms (Fig. 142). Further 
eVfiporation of the water takes ]>lace on the flotjr of the cavern, 
giving nse to layers of the same chemical compound, called 
stalagmites. 




XXIII CALCIUM CAKBONATH ANB SILICA ’)3 

Chalk, limestone, and cora! are composed chiefly of calcium 
carbonate, and consist almost entirely of the lemains of animal 
organisms. 

Marhle^ iilso, is a form of calcium carlumate. Tt is really 
limestone, 'which, by the effect of great jiressure ai*d he.'5.t ia the 
earth’s crust, has become much harder and ci’ystiJlinc. 

Silica. — More widely spread througliout tlie eartli’s crust even 
than calcium ciirhonato is the compound silica, which consists 
.of the oxide of an eleiiienl termed ftUiam, and which is rtipre- 
sented by the formula SiOo. This oxide entcjrs into fbe forma- 
tion of by far the greater number of minerals and rocks, bcinj.'- 
combined with metallic oxides in thcfoimof dlivxtien; indeed, 
ill the free state or thus combined, silica forms more than ha’^ 
the weight of tlie eartli’s crust. In th(', pure state it occurs 
lioth crystalline and aieorjihous. Two crystalline x arieties are 
known, one, ii uhjmile, is unimportant, while the otlier, 
is a frequently -occurring and highly-interesting mineral. If tlui 
<piart7i is quite clear and transparent, it is known as r<nh-crminf., 
and is the from whicli lenses are made for eyt^- 

glasses, itc. Hometimes the oxide of a heavy metal is }>resent. 
colouring £lie quartz. 

Many .sa)id.s are made up entirely of grains of quartz which 
have become more or less rounded by continual rubbing against 
one another in w^ator. If the sand becomes compacted by the 
introduction of a cement and by tlie action of great jn essure a 
HandLsloiK' is formed. 

Amorphous Silica. —This is found in the form of (1) 
chalcedony and its varieti»‘S, (2) jasper and its varieties, (;>) 
opal. 

(iKilcHtlontj is know'll having all sorts of tints. It. is often 
regarded as a mixture of (juartz and opal; it is familiar as the 
well-knowTi red stone used in signet-rings and calliMl ntniditm.. 
Afjaiv. is a variegated clialcedony, composed of diflerciit coloureil 
bands. Flint is generally of a black or dark gray colour, and is 
found ill nodules or bands in the chalk formations of Surrey, 
Kent, itc. 

Jtispev is an opaipie, impure fonii of silica, of a rod, brown, or 
yellow colour. 

Opid . — This species of naturally-occurring silicii always con 
tains w'ater in varying amounts. It is sujiposed to contain some 
quartz as well as amorphous silica. It is often used in jewellery ; 
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one variety shows a well-(lcveloj»ud iridesconce, and is called 
preciova opnL 

Bocks fonued of Silica. — Besides these iniiiemls some rock- 
masses are composed of silicii. Of these, as in the case of 
calcium carbonate, some have been deposited cliemieally, others 
by plant life or animal organisms. 

is the rock resulting from the deposition of silica dis- 
solved in the water of hot springs and geysers. It is, however, 
probable that, even in this case, minute plants of the Altpv 
group assist in the formation. 

Tlic organically formed rocks of silica may bo divided into ; 

(1) Those funned Jitf rianta. — Thes(3 plants also belong to the 
Alga3 group and are known as the dhitonis. Tliey are generally 
microscopic in size, but have existed in suftieient nnmbei’s to form, 
by the accumulation of their hard remains, beds of considerable 
thickness. They are made of the silica which tlie living diatoni 
socret^l from the wat(u*, either fresh or salt, in which it lived. 
At Richmond, in Virginia, beds, of foity feet thick, and consist- 
ing entirely of diatoms, occur. Diidomwonns e(nihs and Tylpoli 
powder have been made in this way. 

(2) Those for nml Inj AninmU. — These silica-secreting animals 
belong to the class of simplest animal stimcture known ; th(‘y 
are c;illed Uadlolaria. Their remains build up tlm Ihollfdorion 
earths which occur in various places, notably Barbados. 

Chemically Prepared Silica. — When chemically y>ro])ared, 
silica, or silicon dioxide^ is obUuned as a whittJ powder, which is 
insoluble both in Avater and in most acids. If fus(;d with caustic 
swla, how(iver, it yields a glassy mass, which is soluble in Avater 
and is known as water glass. Chemically it consists of sodium 
silica fe, NagSiO;^ ; in this, as in the natural silicate, the silica plays 
the part of an acid oxide. 

As a rule the silicates are insoluble and their composition is 
very com])licated. Little is knoAvn concerning their exact chemical 
nature. Amongst the commoner silicates maybe mentioned rZf/?/, 
a silicate of aluminium ; fels})ar, a silicate of aluminium and 
potassium ; scr})entine, talc, French cluUh, and meersi'hainn, 
silicates of magnesium ; and asbestos, a silicate of calcium and 
]uagnesium. 
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CiTiF.F Points of Chaptkr XXIII. 

Calcium Carbonate is very larj'cly fo.iiiJ in tlr- earth’s crus . It 
occurs pui'c and crystalline in ralrtf^ iiiid (tmtjniuff. and in a loss pure 
condition in vh<ilk\ limtsfom y sfaiiU'tiU s^ *:fa/u'jniif(Sf t i\iDe rt > a* ^ etc 

Chalk, Limestone and Coral are coinj)osod chiefly calcium car- 
bonate, and consist almost entirely ol‘ the remains of animal 
orf^anisms. 

Marble also is a form of calciam carbonate. It is really limestone 
which by the t‘IVects of j'reat jiressure and heat in tin; eai tli's crust 
has )>ecomemiich liarder ami crystalline. 

Silica, Si0.j, is evem more widedy found than eah inm earl)or5ite. It 
ctmstil ntes, <‘.ilher free, or eombined willi bases to form sili<*,alcs, 
about one-half the wciglit of the earth's ernst. 

In the frcic state it occurs both cTystalline. and amorphous, 'fwo 
erystalliiH; varieties are known, one, , is unimportaiit. 'Die 

otiuM*, quartz, is vci y aluindant. 

Many .stntffs ai'e made uji entirely of «jfrains of (|nart/,. 

Amorphous Silica is found in three hu’ins (1) chalcedony, (’i) jaspiu’, 
(.‘1) opal. Carnclian, agate, ami Hint are coinnum kinds (d‘ 
<*haJe<*dony. 

Bocks formed of Silica. — Sin fry results from tliC dejiosition of the 
silica <lissolv(Ml in tlu; water of hot springs and geysm*s. 

J)i(it(ma('iou!i Enrihfi nnd Tripoli Pon'ilt y are rocks (‘omposed of 
silica winch was extracted from the >\ater in which tliey live<l by 
minute jtlnnU known as (liafomx. 

Ifatliohirinu EardtH are rocks compose<l of sili(*auhich was ex- 
t i-acted from the water in which they lived byininiitc n/oXyryAs known 
as /itvNoJarid. 

Chemically prepared Silica is a white poM'dei \\ hi< ]i is insolubh* 
holli in water and in n)osl. aci<ls. Fused with t-auslic soda it forms 
sotHnni Ay/d'f rt/c, which is soluble in water and is known as iruft r 


t,>rKSTlONS. 

1. What is silica V How does it occur in nature ? 

2. How (To flint and (piart?: diller from and resemble one another ? 
ti. (live a short aecount of the naturally oeeuiTing forms of 

silica. 

4. What is calcite ? Describe its ap])eai-ance and give tlu^ hujiiula 
representing its chemical com])osition. 

r». jVlany roetks an* deposited ilirougli the agency of living 
r)rganisnis. Mention some and brielly indieate how they are thus 
dej)()sited. 

0. What are stalactites and stalagmites ? Of what do they eim- 
sisl and how are they form(‘d? 

7. Describe three nat urally (M'.eairring forms of ealeium carbonate. 

8. What eflect has chalk upon water whitth flt^ws through or over 
it? 
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0. Mention Uire(! ininer.ils consist iiij' of silica, aiul state by what 
cliai'acteristie feature yon wonhl i*et.*ogiilse them. 

10. How would you attempt to prove tliat limestono, marble, and 
calcite were essentially similar eom))ouiids ? [Tlie student is advised 
t<i consider well what (ixperiments be has previously carried fuitwith 
cal(;iu)n e-arbonate.J 

11. Limestone is dissolved in liydrochlorii^ arid and the .solution 
evaporated. iJrieHy describe tin; apjH'arance and ]>iop(.‘i-ties of the 
sid>sta7ie(^ wliieh you would expect to be tJnis obtiline(l. 



ANSWERS 


[In livcry castj t li.is been taken as equal to 1. 


Chapter 111. 

S. 2;^-04 ft. per see. 

11. ISO ft. per sec. 

12. 49 ft. per sec. per sec. 

Kb 20 kiloin. per hour. 

14. 40-5 ft. 

15. .5jji ft. ]jer sei'.. j)er see. 

10. IS‘25 , , . ft. per see. 

17. IMHf ft. ; 11 se(!s. 

IS. ft. per se(;. t^er see ; 0 sees. 

19. ;iG *;i.3 . . . secs. 

20. } mile. 

21. i hr ; 20 miles, 15 miles. 

22. 0 sees. 


Chai’ter IV. 

10. 1012 cub. cm., 1 Mi 1 2 litres, 1012 grams. 

11. 1712 cub. cm., ]Ma.ss of 1 e. e. in grains Kj q, 


Cjiaptek V, 

:i. 7 : 8 ; 7 : S. 

4 . : 20 , 

8. 2:7. 
i;i. 720 ft. 

14. 64 ft. per see. 

15. 225 ft. 

10. 144 ft. 

17. {ft) 32. ft. per see., {h) 64 ft. per see., (r) 96 ft. per see. 

1 8. 3 sees ; 96 ft. per sec. 

21. 156 lbs. wt. 
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22. 17 units ; 7 units ; 13 units. 

23. 12*2 units ; 125" nearly. 

24. 65 lbs. 

25. 311)8., 411)8. 

26. 3P + 4Q, 2P + 3Q. 

27. 5 lbs. 

2S. 63 P. 

29. 53'" nearly. 

30. 21 ’8 units; 13 2 units. 

31. 10 <^5 lbs. 

32. 15-7 lbs. 

33. 10 lbs. 

34. 67 -26 lbs. 

ST). 16^/3 lbs., 8^3 lbs. 

37. 5:1. 

38. The second by J sec. 

39. 5J ft. per sec. per sec. ; 16 ft. per sec. 

40. 75 : 7. 

41. 5:2. 

42. 2^ lbs. wt. 

43. 7 poundals. 

44. 6i lbs. wt. ; ft. per sec. per sec. 

4m. equal. 

46. 1:8. 

47. 90 ft. 

48. (fi) 3.^ ft. per sec. per sec. ; (/>) 48 lbs. 

49. lOj lbs. wt. 

50. {a) 180 lb.s. wt. ; {h) 160 lbs. wt. 

51. lOJ lbs. wt. 

52. 95. 

53. 9856 : 3. 

54. 25:11. 

55. 3 ft. pci* sec. 

56. 9fi+ ft. j)er see. 

57. 8 ft. jier sec. 

.58. 36 lbs. 

59. (a) KKX); (/)) 160. 

60. 321 : 322. 

61. 2 secs. 

()2. 3^4 lbs. wt. 

63. 10 lbs. 

64. Magnitude of resultant 5. 

66. (a) 6 + 5 = 11; (f)) 6-5=1. 


Chai'terVII. 

12. 36*42 c.c. ; 7*55. 

13. 4*63 oz. nearly. 

14. *068 nearly. 

16. 9800 cub. in. 
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17. 11,200 cub. in. 

18. 4*2 

10. 128:135. 


CllArTER IX. 

(». 12, (KK); iMliH. 

7. 2iKK 

8. 16 hrs. 

{). 118,800 ft. lbs 

10. J)42'i ft. Ills. 

11. 24, (MM) ft. lbs. 

12. 250 ft. pournlals or ft. lbs. 

13. 300 ft. lbs ; 300 ft. lbs. 

14. 2250 ft. lbs. ; 120x^2 ft. pursue. 


Chapter X. 

10. 'rctn])ei*atiire of the mixture would have been less. 

20. Water will melt more ice than the lead. 

21. (a) 60 degrees, (/;) 55 degi’ces. 


Chapter XVI. 

7. 15 vols. 


KRKATUM. 

W 42, (^Juealiou 8. For “five miles an liour,” read, ‘live 
Ill iiour.” 
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AcrELEKATtON, 88-41 *, produccd 
liy a force, oD, (jO ; uniform, 
meosiii-emciit of, 88, 89 ; unit of, 
89, 49 ; units of time, velocity 
and, 84 -48 
Acetylene, ‘294 

Acid, l\y<lrochloric, composition 
of, 2(i8, 2(i4 ; ])liospliori(5, and 
jdiosphates, *279, ‘28U ; salts and 
basic salts, 895—898; sulplinric, 
‘258 -‘255 ; manufacture of, ‘255 ; 
sulphurous, and sulphites, 25*2, 
‘258 

Acids, bases and salts, ‘299—810; 
reactions of hydroxides with, 
891, 892 

Action, chemical, energy of, 127, 
1‘28 ; Cjuantilative, character of, 
2*28—2*25 ; of sulphuric acid on 
metals, ‘254, 255 

Actions, chemical, repres(*,nted by 
equations, 274—270 
Adhesion, 14 

Air, chemical composition of, 218, 
219 ; compared with oxygen, 
220, 227 ; the active constituent 
of, 219, 229 ; various substanpes 
present in, 2‘25, 220 ; weight of 
the, 100, 107 
Alkalies, 305 
Allotropy, 251 

Ammonia, 305—307 ; composition 
of, 800, 807 
Ammonium, 807, 308 
Amorphous silica, 313 
Analysis of light by a prism, 176 
-178 

Arcliimedes, principle of, and 


relative density, 91—105; 
applications of, 95 
Areii, measurement of, 24, 25 ; 
relation between llritish ami 
metric units of, *27 ; units of 
lengtli, volume and, *21—88 
Artias, determination of, 27, 28 ; 
exei’cises in measurement of, 
*25-27 
Argon, *219 

Atmosphere, the, 217—232 ; 
application of Boyle’s Law tf) 
the, 115; column of, weight of, 
110, in ; ])ressure of the, 107, 
108 ; pressure of the, at 
ditferent allimdes, 112 
Atmospheric pressure and Boyle’s 
Law, 106—117 
Atomic weights, 272 
Atoms and molecules, 270 
Attraction of gravity, 62 
Avogadro’s law, 270 

Balance, the, 50—52 
Barometer, mercurial, principle of 
the, 108—110 

Barometers, mercury a convenient 
liquid for, 111, 112 
Bases, acids, and salts, 200—310 
Basic salts, acid salts and, 805— 308 
Blacklead or graphite, 2^ 

Boiling i)oint, 151 — 153 ; effect of 
pressure on the, 152, 153 ; 
marking the, 140, 141 
Boyle’s Law, 114, 115; applica- 
tion of, to the atmosphere, 115 ; 
atmospheric pressure and, 106 
-117 
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British arnl metric units of, area, 
relation between, 27 ; length, 
relation between, 23, 24 ; mass, 
relation between, 45 ; volume, 
relation between, 30 
British system, units of mass in 
the, 44*, 45 

Bunsen's cell, 1()2, 193 

Calcium, carbonatt's and silica, 
311—310 ; salts, 3(K>, 301 
Carbon, and some of its compounds, 
285 — 298 ; ecnnpounds of, with 
hydrogen, 294—295 ; forms of, 
285, 280 ; lower oxide of, 292, 
293 

Carbonates, 286 ; calcjiuni, and 
silica, 311—316; occini-ence of, 
311-313 

Carbon dioxide, lime .and, 288, 
289 ; occurrenc(j of, 21)1 ; pro- 
perti^ of, 290 ; uses t)f, 21X1, 291 
Cell, llanieirs, 191, 192; Le- 
elamthc’s, 193; Sniee’s, 188: 
Bunsen’s and (jrove's, 192, 193; 
sini]>le voltaic, coiistnujtion of, 

184—197 

Centigrade scale, the, 141 
Centre of gravity, 81 — 88 ; experi- 
mental metliods of detei’miniug, 
82—84; of a quadrilateral, 85 ; 
of a triangular plate, 84, 85 
Centres of gravity, parallel forces 
and, 74 — 90 ; other, 85 
Changes, chemical, in a simple 
cell, 188—190; in a coke fire, 
2i)3, 294 ; physical and chemical, 
207, 208 

Chemical, action, 217, 218 ; energy 
of, 127, 128; quantitative 

character of, 223—5^5 ; actions 
repi esented by cfj nations, 274 — 
276 ; change induced by the 
electric current, 198 — 206 ; 
changes in a simple cell, 188 — 
190 ; composition of air, 218, 
219 ; elements, 208 ; equations, 
271, 272 ; nomenclature, 270 — 
277 ; operations, simple, 207 — 
216; physical and, changes, 
207, 208 

Chemically prepared silica, 314 
Chlorate, potassium, 223 


Chloride, potassium, 223 
Clilorine, preparation and pro- 
perties of, 2(54—267 ; various 
compounds of, 267 
Cohesion, 14 

Coke fire, changes in a, 293, 294 
Colour disc, 1 SO 

Combustion and rusting, 228 — 230 
Composition of ammonia, 3(X), 
307 ; of hydrochloric acid gas,2(i3, 
2(54 ; of salt, 263, 264 ; of watel*^ 
by volume, 240—242 ; of water 
by weight, 242—244 ; quantita- 
tive, of sulphuretted hydrogen, 
258 

Compounds, sulj)Iiur and its, 248 — 
261 ; carbon and some of its, 
285' -298 ; mixtures and, 213, 
214; f)f carbon with hydrogen, 
2J)4, 2i)5 ; of clilorine, various, 
267 ; phosphorus and its, 278 — 
284 ; of phf)S[)liorus and hydro- 
gen, 280-282 

Compressibility of matter, 4, 5 
Conduction of heat, 145- -148 
Conductors of heat, good and bad, 
145—148 

Conservation of energy, 128, 129 ; 

of momentum, 57, 58 
Constituent, the active, of air, 219, 
220 

Construct.ioii of a thermometer, 
138, 139; of simple voltaic cells, 
184-197 

Convection, 148, 149; applica- ^ 
tioiiH of heating hy, 148, 149 
Copper sulphate, electrolysis of, 
203, 204 

Crystalline sulphur, 250, 251 
Crystallisation, 212 
Chirrcnt, the electric, 126, 127 ; 
chemical change induced by the, 

198 —206 ; passage of an electric, 

198 — 205 ; passage of the, 
through liquids, 199 — 205 ; 
work done by the, 194, 195 

Daniell’s cell, 191 , 192 
Day, mean solar, 34, 35 ; sidereal, 

35 

Decomposition, double, 257 
Definition of motion, 36 
Density, 95 — 105 ; of gases, rcla- 
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tive, 102 ; relative, 96, P7 ; 
relative, prineiple of Archi- 
medes and, 91 — 105 
Densities, relative, detenu inatioi* 
of, by a ti-tid>e, 100, 101 ; de- 
termination of, by relatixe 
densit?^ bottle, 98, 99 ; Hare’s 
apparatus for determination of, 
101 ; hydrostatic method of de- 
termininf?, 97, 98 ; results of ac- 
. curate determination of, 101,1(?2 
Diamond, tlie, 285 
Dioxide, carbon, lime and, 288, 
289 ; occurrence, 291 ; proper- 
ties (if, 290 ; uses of, 290, 
291 ; sulphur, foririul.-e for, 
and sulphuretted hydnjgen, 272, 
273 ; sulphur, ])roperties of, 252 
Disc, the cedour, 180 
Disjw'i'sion, refraction is acjcom- 
paiiied by 176 

Distance tra, veiled by a bodj' 
falling from rest, 63 
Distillation, 210 
Divisibility of inattcu*, 3 
Double de(ioinj)()sition, 257 
Drops, licpiids can l)e separated 
into, 14 

Ductility, solids possess, 10 

Eartti, period of rotation of the, 
35 

Earth's rotation, 34, 35 
Plffects of, heat, 133—135; upon 
sulphur, 249 ; refraction, 171 — 
173 

Elasticity, of matter, 5, 6 ; solids 
possess, 7 “9 

Electric current, the, 126, 127 ; 
chemical change induced by 
the, 198— 20(i ; passage of an, 
198 -205; passage of^ the, 
through liquids, 199 — 205 ;,wprk 
done by t lie, 1 9-1, 195 / 

Eloctrili cation, energy of, 125 — 
127 

Electrolysis of c-opper sulphate, 
203, 204 ; sodium sulphate, 204, 
205 ; water, 200 — 21 ) 2 ; terms 
used in describing, 202 
Elements, chemical, 208 
Energy, 120 ; conservation of, 128, 
129 ; forms of, 122, 123 ; heat 
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as a form of, 123 — 125 ; kinetic, 
121 , 12? ; measurement of, 122 ; 
chemical ocllon a form of, 127, 
128 ; elec c riticat ion a form of, 
125 — 127 ; "adiant heat ai.d light 
are forms of, 125 ; potential, 

121, 122; transfonnatioa of, 
128 ; work and, 118 — 132 

Equal ibj’^ of masses, 55 
Eejuations, chemical, 271, 272; 
cliemical actions represented by, 
274 -276 

E(iuilibrium, 85 — 88 ; of three 
jiarallel forces, conditions for 
Ihc', 77 — 79 ; stable or unstable, 
87, 88 

Equivalent wtuglits and valencv, 
273 

Ether waves, 160, 161 
Kthylone, 294 
Eudiometer, 239, 240 
Expansion, 134 — 136 

Faurkxukit scale, the, 141 
Filtration, 21 1, 212 
Fire, changes in a coke, 293, 294 
Flame, oxidising and reducing, 230 
Flotation, ex])(iriments on, 93 — 95 
Flow of licjuids, 11 
Fluidity, Ihpiids possess, 7 
For(!c, 58 — 67 ; aocf.deration pro- 
duced by cl, 59, 60 ; the moment 
of a, 4J), 50 ; uiiifonn, 62 ; unit 
of, 59 

Forces, parallel, and centre of 
gravity, 74--tH>; conditions for 
the equilibrium of three, 77— 
79 ; pnnciple of, 76 ; resultant 
of, 76, 77 ; the principle of 
movements applied to, 79 — 81 ; 
parallelogram of, 64, 05 ; resolu- 
tion of, 66, 67 

Formation of an image by a plane 
mirror, 166 

Forms of carbon, 285, 286; energy, 

122, 123 

Formula COo, proof of, 21)1 ; for 
liydrochloric acid gas, 276, 271 : 
for water, 271 

Formuhe for sulphur dioxide and 
sulphuretted hydrogen, 272, 273 
Freezing point, marking the, 139, 
140 

Y 2 
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Fusion, latent heat of, ir>3 

“ (t,” value of, (»2 
Gain of weight during burning, 
227, 228 

Galvanoscope, the, 108, 190 
Gas, hydi'oehloric aei(l, composi- 
tion of, 2<)3, 264 ; formula ftir, 
270, 271 ; marsh, 204, 205 ; pres- 
sure of a, relation bcjtwoen 
volume and, 112 -114; salt, 2t)2, 
263 

Gases, 15 — 18; are easil}^ com- 
pi*essil»le, 15 ; relative density 
of, 102 

General eharaeters of phosjdiorus, 
278, 270 

Graduating the thermometer, 139 
Graphite, blaeklead or, 285 
firavitation, 45 — 47 
(jlravity, attraction of, 62; eeiitre 
of, 81 — 88; of a (juadrilateral, 
85 ; of* a trianguhir plate, 84, 
85 ; experimental methods of 
<leteriniiiing, 82 -84 ; parallel 
forces and, 74—00 ; other (centres 
of, 85 

Grove's cell, 102, 103 

Haud and soft waters, 244 
Hardness, of water, 201 , 202 ; 
tenii)orary and ])ermancnt, 244, 
245, 291, 202; solids possess, 10 
Hare's apf)firatus for determina- 
tion of relative ilensities, 1(U 
Heat, 133 — 150; and light, radiant, 
energy of, 125 ; and temperature, 
distinction between, 142 — 144; 
as a form of eiiei’gy, 123 — 125 ; 
conduction of, 145 — 148 ; good 
and bad, conductors of, 145 — 
148 ; effects of, 133 — 135 ; upon 
sulphur, 240 ; latent, of fusion, 
153; of vaporisation, 15;i — 155; 
measurement of quantities of, 
144, 145 

Heating by convection, applica- 
tions of, *148, 140 
Hot and cold lK>diea, 1 33 
Hydraulic press, 13, 14 
Hydrochloric acid gas, composi- 
tion of, 263, 264 ; formula for, 
270, 271 

Hydrogen, compounds of carbon 


with, 204, 205 ; phosphoretted, 
phosphine or, 281, 282; phos- 
phorus and, compounds of, 280 — 
282 ; prc})a] ation and properties 
of, 236— 230 ; ])roduction of 
oxide of, 238, 230 ; ])rop(n tionR 
of oxygen and, in water, 230, 
240; sulphuretted, 256, 258; 
fonnuhe for sul])hur dioxide and 
sulphuretted, 272, 273 ; <|iianti- 
tative com posit ion of sulphyr= 
cited, 258 

Hydrostati c in et 1 um 1 of d etei 'm in ing 
relative densities, 07, 08 
Hydroxides, reactions of, Avith 
acids, 301, 302 

formation of an, by a plane 
mirror, 166 

Inertia, 61, 62 ; of matter, 6 
Instruments for lueasuring time, 
35, 36 

Kinktio energy, 121, 122; mea- 
surement of, 122 

Latknt lieat of fusion, 153 ; of 
A'aporisation , 1 53—1 55 
Law, Avogadro's, 270 ; Doyle’s, 
114, 115; application of, to the 
atmos})lua*c, 115; atmospheric 
pressure and, 106 — 117 ; New- 
ton’s first, of motion, 60, 61 
Laws of regular reHection, 165, 
106 

Leclanche’s cell, 193 
Length, measurement of, 21 — 24; 
relation between Dritislj and 
metric units of, 23, 24 ; units of, 
area and volume, 21 — 33 
Lens, refraction through a, 175 
Level, lujuids find their, 11, 12 
Light, 100 — 183 ; analysis of, by 
a prism, 176—178; path of a 
ray of, through a prism, 174, 
175 ; radiant heat and, eru'rgy 
of, 125 ; rellection of, 163 — 166 ; 
refraction of, 168 — 176 ; regular 
reflection of, 163—166 : travels 
in straight lines, 162, 163 ; 
white, recomposition of, 179, 
180 

Lime, 286, 288 ; and carbon di- 
oxide, 288, 289 
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Linear ineasiireniont, 22, 23 
Linear velocity, measurement of 
imifonn, 37, 38 

•Liqui^ls, 10 -14; can he separ- 
ated into drops, 14; commiiiii- 
cate pressure, 12, 13: find their 
level, 11, 12; How of, 11; 

passage of the ehictric ciiiTent 
through, 190- -2t»5 ; possess 
fluidity, 7 ; solution of, 213 
• l^)wei' oxide of carbon, 2i)2, 293 

Man tTKAJ TITHE of phosphorus, 282 ; 

of sulphuric acid, 25r> 

Markiiig the boiling point, 140, 
14J ; the freezing point, 139, 
140 

Marsh gas, 294, 295 
Mass, and its measurement 44 — 
54; units of, in tlit; Dritisli 
system, 44, 15 ; in the metric 
45 ; weight of, 47, 48 
Masses, determined, 48, 49 ; 

e(juality of, 55 

Mutter, ijompvessibility of, 4, 5 ; 
divisibility of, 3 ; elasticity of, 
5, G; is indestructible, IG — 18; 
in(*rtia of, G ; in relation to 
motion, 55- 73 ; ])hysioal pro- 
|KTties ami states of, 1 — 20 ; 
porosity of, 3, 4 
Mimii solar day, 34, 35 
Measin ement, linear, 22, 23 ; 

mass and its, 44 -54 ; of area, 
24,- 25 ; of areas, exercises in, 
25 — 27 ; of kinetic energy, 122 ; 
of length, 21-24; of (piantilies 
of heat, 144, 145 ; of tempera- 
ture, 13G, 137 ; of uniform 
acceleration, 38, 30 ; of uniform 
linear velocity, 37, 38 ; of 

volume, 28 — 32 ; of volumes, 
2J), 30; of work, 119, 120 
-Measuring time, instruuiente fOlP^ 
35, 3G ' ; 

Melting-point, 151 
Mercurial lairometer, principle of 
the, 108—110 

Mercury a convenient liquid for 
barometers. 111, 112 
Metals, action of sulphuric acid 
on, 254, 255; and non-metals, 
208, 209 


Metric, r^dation between British 
and, iin’tsof area, 27 ; of length, 
23, 24 ; of volume, 30 ; system, 
units of ni.iss, in the, 45 ; -.ndts 
of mass, leUtion iKitween ilritish 
and, 15 

Miiiei-al water, 244 
Mirror, formatiorj of an image by 
a plane, 1 GO 

MiiToi-fa, rellcciion from spherical, 
JG6— 1G8 

Mixtures and componn<ls, 213, 214 
Molecular weights, 273, 274 
Moloc\ilos, atoms and, 270 
Moment, the, of a force, 49, 59 
Moments, 49 

^loinentnm, 56 — 59 ; conservation 
of, 57, 58 

Motion, definition of, 3G ; matter 
in relation to, 55—73 ; New'Um’s 
first law of, GO — G1 ; of boilies 
falling from rcjst, G2, G3 
IMovements, the primnple of, 
applied to ])arallcl forces, 79 — 81 

Natural waters, 24 
Nature, vpiantitative, of the re- 
actions, 302- -305 
Negative and positive poles, 193, 
194 

Newton’s fii’st law of motion. 
GO— G1 

Nitrogen, 219 

Nonienedatnre, chemical, 270—277 
Non-metals, metals and, 208, 209 

OocuRHENCE of Carbonates, 311— 
313 ; of carbon dioxide, 291 
Operations, simple chemical, 207 
-2U> 

Oxide, lower, of carbon, 292, 293 ; 
of hydrogen, production of, 238, 
239 ; phosphorus, 280 
Oxides and their properties, 222, 
223 ; of sulphur, 251, 252 
Oxiilising and reducing fiamc, 230 
Oxygen, air compared with, 226, 
227 ; and hydrogen, proportions 
of, in water, 239, 240 ; phos- 
phorus and, 279 ; preparation 
and properties of, 220 — 222 

Parallel forces and centre of 
gravity, 74 — 90 ; conditions for 
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the equilibrium of three, 77 — 
79 ; principle of, 70 ; resultant 
of, vO, 77 ; tlie principle of 
movements applied to, 79 — 81 
Parallelogram of forces, 64, 65 
. Passage of an electric current, 
198 — 205 ; of an electric current 
through liquids, 199 — 205 
Path of a ray of light through a 
prism, 174, 175 

Period of rotation of the earth, 35 
Permanent, temporary and, hard- 
ness of waters, 244, 245 
Phosphates, phosphoric acid and, 
279, 280 

Phosphine or phosphoretted 
hydrogen, 281,282 
Phosphorette«l hydrogen, phos- 
l)hme or, 281 , 282 
Phosphoric acid and phosphates, 
279, 280 

Phosphorus, oxide, 280 ; and 
hydrogen, ^jompounds of, 280-~ 
282 ; and its compounds, 278 — 
284 ; and oxygen, 279 ; general 
characters of, 278, 279 ; manu- 
facture of, 282 ; red, 279 
Physical, and chemical changes, 
207, 208 ; change, solution is a, 
209, 210; properties of sulphur, 
248, 249 

Plane mirror, formation of an 
image by a, 166 
Plastic sulphur, 249, 250 
Point, boiling, 151 — 153; effect of 
pressure on the, 152, 153 ; 
marking the, 140, 141 ; freez- 
ing, marking the, 139, 140 ; 
melting, 151 

Polarisation, prevention of, 188 — 
195 ; by chcmical^|»eans, 191 — 
195 ; by mec hani^ means, 188 
—190 “ 

Poles, negative and positive, 193, 
194; positive, negative and, 
193, 194 

Porosity of matter, 3, 4 
Potassium cldorate, 223 ; chloride, 
223 

Potential energy, 121 , 122 
Precipitation, 212, 213 
Preparation and properties of 
chlorine, 264—267 ; of hydrogen, 


2:16-239 ; of oxygen, 220-222 ; 
of salts, 299, 300 
Prepared, chemically, silica, 314 
Press, hydraulic, 13, 14 
Pressure, atmospheric, and Boyle’s 
Law, lOH — 117 ; lic^uids commu- 
nicate, 12, 13 ; of a gas, rela- 
tion between volume and, 112 — 
114 ; of the atmosphere, 107, 108 ; 
of the atmosphere at different 
altitudes, 112; on the boiling 
j)oint, effect of, 152, 153 
Prevention of polarisation by 
chemical means, 191 — 195 ; by 
mechanical means, 188 — 190 
Principle, of Archimedes, and rela- 
tive density, 91—105; Archi- 
medes's, applications of, 95 
Prism, analysis of light bj" a, 176 
— 178 ; patli of a ray of light 
through a, 174, 175 ; refraction 
through a, 173—175 
Production of oxide of hydrogen, 
238 239 

Proof of formula COg, 291 
Properties, of carbon dioxide, 290 ; 
oxides and their, 222, 223; of 
salt, 262 — 264 ; of sulphur di- 
oxide, 252 ; physical, and states 
of matter, 1 — *20 ; physical, of 
sulphur, ^8, 249 ; preparation 
and, of chlorine, 264 — 2(i7 ; of 
hydrogen, 236 — 239 ; of oxygen, 
220—222 

Proportions of oxygen and liy^lro- 
gen in water, 239, 240 

Quantitative cliaraeter of eh(‘ini- 
cal action, 223 — 225 ; comjjosi- 
tion of sulphuretted hydrogen, 
258 ; nature of the, reactions, 
302—305 

Quantities of heat, measurement 
of, 144, 145 

Radiant heat and light, energy 
of, 125 

Reactions, of hydroxides with 
acids, 301, 302; quantitative 
nature of the, 302—305 
RecomTK)Bition of white light, 179, 
180 

Red phosphorus, 279 
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Reducing, oxidising and, flame, ‘230 
Reflection, from spherical mirrors, 
106 — 108; of lighi, 103 — 106; 
regular, 163 --1 00 
Refraction, eflects of, 171 — 17t3 ; 
is accoinpanied by (lisperBion, 
176 ; of light, 108 — 170 ; rules 
of, 17' •, 171 ; through a lens, 
175; prism, 173—175 
Regular reflection of light, 1(53 — 100 
Relation between Ihitisli ar*'l 
metric units, of area, 27 ; •>£ 
mass, 45 ; of volume, 30 
Relative densities, determination 
of, by a U-tubc, 100, 101 ; by 
relative density lK)ttle, 98, 99; 
Hare's af»paratus for determina- 
tion of, 101 ; hydrostatic method 
of determining, 97, 98 ; results 
of accurate (Icterniinations of, 
101, 102 

Relative density, 90, 97 ; of gases, 
102; principle of Archimedes, 
and, 91—105 

Resolution of forces, 00, 07 
Resultant, calculation of, 05, 60 ’ 
Results of aceurate determin- 
ations of relative densities, 101, 
102 

Rest, motion of bodies falling 
from, 02, 03 

Rigidity, solitls possess, 7 
Rocks formed of silica, 314 
•Rotation, cavtirs, 34, 35 
Rotation of the earth, period of, 35 
Rules of refraction, 170, 171 
Rusting, combu.stion and, 228 — 
230 

SaIjT, 262 — 269 ; composition of, 
203, 264 ; gas, 262, 203 ; x>ro- 
pertics of, 202 — 264 
Salts, acid and basic, 305—308 ; 
acids, bases and, 299 — 310 ; 
calcium, 300, 301 ; preparation 
of, 299, 300 

Scale, Centigrade, 141 ; Fahren- 
heit, 141 

Scales, conversion of, 141, 142 
Separation of solids, 211, 212 
Sidereal day, 35 

Silica, 313;' amorphous, 313; 
calcium carbonates and, 311 — 


310 : choi'iically prepaT’ed, 314 
rocks formed of, 314 
Smee’s cf .*l, 188 

Sodium, action of, upon water, 
234, ; sulphate, elec<‘' oly8is 

of, 204, 205 

Soft, hard aiul, wacCrs, 244 
Solar, mean, day , 34, 35 
Solids, 0 — ; possess elasticity, 
7 — 9 ; possess rigidity. 7 ; 
possess tenacity, ductility and 
hardness, 9, 10 ; separation of, 
211, 212 

Solution is a physical change,. 
209, 210 

Solution of lirpiids, 213 
Solvent power of hot and coM 
water, 212 

Spherical mirrors, reflection from, 
100—108 

Stability, conditions of, 86, 87 
Stalactites and stalagmites, 312 
Stalagmites, stalactites and, 312 
States of matter, physical proper- 
ties and, 1—20 

Substances, various, present in- 
air, 22«5, 220 

Sulphate, copper, electrolysis of, 
203, 204 ; sodium, electi’olysis 
of, 204, 205 
Sulphates, 255 
Sulphides, 255, 250 
Sulphites, sulphurous acid and, 

252, 253 

Sulphur, and its eonipoimd, 248— 
201 ; cry’stalline, 250, 251 ; 

dioxide ami sulphuretted 
hydrogen, fonnuloe for, 272, 
273 ; dioxide, properties of, 
252 ; effects of heat upon, 249 ; 
oxides of, 251, 252 ; physical 
properiies of, 248, 249 ; plastic, 
249, 250 ; trioxide and sulphuric 
acid, 253, 254 ; varieties of, 
249, 251 

Sulphuretted hydrogen, 256 — 258; 
formuhn for sulphur dioxide 
and, 272, 273 ; quantitative 
composition of, 258 
Sulphuric acid, action of, on 
metals, 254, 255 ; manufacture 
of, 255; sulphur trioxide and, 

253, 254 
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Sulphurous aoid and sulphites, 
252, 253 

System, units of mass in the 
British, 44, 45; units of mass 
in the metric;, 45 

TEMrEKATiiRE, heat and, dis- 
tinction ]x‘tween, 142 — 144; 
measurement of, 130, 137 
Temporary and permanent hard- 
ness of water, 244, 245, 21)1 , 292 
Tenacity, solids possess, 9, 10 
Terms used in descrilung electro- 
lysis, 202 

Thermometer, construction of a, 
138, 139; graduating a, 139 
Tliermometers, 137-1 39 
Time, instruments for measuring, 
35, 30; units of, 35; velocity and 
acceleration, units of, 34 — 43 
Tra«sfonnation of energy, 128 
Travels, liglit, in straight lines, 
102, 163 

Triangular plate, centre of gravity 
of a, 84, 85 

Trioxide, sulphur, and sulphuric 
acid, 253, 254 

Uniform, acceleration, measure- 
ment of, 38, 39 ; force, 02 ; 
linear velocity, . measurement 
•of, 37, 38. 

Unit of acceleration, 39, 40 ; 
of force, 59 

Units, of area, relation hctweeii 
Briti sh an d metri c, 27 ; of length, 
area and volume, 21 — 33; 
relation between British and 
metric, 23, 24 ; of mass in the 
British system, 44, 45 ; in the 
metric system, 45 ; relation 
between British and metric, 
45; of time, 35; of time, velocity 
and acceleration, 34 — 43 ; 

of volume, relation between 
British and metric, 30 
Uses of carbon dioxide, 290, 291 

Valency, equivalent weights and, 
273 

Value of “G,” 62 


Vaporisation, latent heat of, 153 
—155 

Varieties of suljdjur, 249—258 
Velo(;ity, 36—41 ; average, 37 ;• 
acceleration is the rate of 
change of, 38 ; measurement 
of unifomi linear, 37, 38 ; of a 
body falling from rest, 63, 64 ; 
units of, time ami acceleration, 
34-43 

Ventilation, 150 ^ ■ 

Voltaic cells, construction of sim- 
ple, 184-197 
Vtdtamcler, 241 

Volume ami pressure of a gas, 
relation bet w een, 1 12— 114; 
composition of water by, 240- 
242 ; measuiemcnt of, 28—32 ; 
relation between British and 
metric units of, 30 
Volumes, c‘xei‘eises in the measure- 
ment of, 29, 30 

Water, action of sodium upon, 
234, 235 ; and tlie elements 
coin|K>sing it, 2,33 — 247 ; c(jin- 
jK)sition of, by volume, 240- 
242; by weight, 242 - 244: 
electrolysis of, 200 — 202 ; for- 
mula for, 271 ; liardness of, 291, 
292; miueral, 244 ; proportions 
of oxygen ami hy<lrogen in, 2^19, 
240 ; solvent power of hot and 
cold, 212 

Waters, hard and soft, 244 ; 

natural, 244 
Waves, ether, 160, 161 
Weight, of a body, 52 ; of column 
of atmosphere, 110, 111; com- 
position of water by, 242—244 ; 
constancy of, of gases, 15, 16 ; 
gain of, during burning, 227, 
228 ; of the air, 106, 107 
Weights, atomic, 272 ; equivalent, 
and valency, 273; molecular, 
273, 274 

White light, recomposition of, 
179, 180 

Work, 118, 119; and energy, 118 
— 132; measurement of, 119, 120 
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This series is designed, in the first instance, for the nse of 
young students who are preparing for any of the Com- 
mercial Examinations now held by Chambers of Commerce, 
various University Boards and Syndicates, the College of 
Preceptors, and the Society of Arts. Special attention, 
however, has been paid to the requirements of those schools 
which, if they are to give commercial teaching at all, must 
do so with no special staff and with very little disturbance 
to other subjects of instruction. 

'* Experience seems to show that ordinary schools, though 
they can hardly expect to teach much of commersU 
technique, can teach many subjects from tiie commercud 
point of view, and that this innovation is in reality a con- 
siderableeducationalimproveinent. HistoryandGeography, 
for instance, gain very greatly in interest by being studied ^ 
with a definite reference to familiar things, such as roads 
and ships and steam-engines and raw material In riie 
same way, though not to the same degree, foreign languages 
are more attractive to most boys when taught through a 
commercial vocabulary than they are when confined to 



observatioziB on the family, the house, and the gaoxlen. 
Indeed, it may be said generally that there has been, of late 
years, a noticeable tendency in educational writers to 
enliven the drudgery of beginners by giving them, very 
early, some glimpse of the utility of their studies. It is 
believed, therefore, that schoolmasters will receive with 
welcome a systematic attempt to apply this principle on a 
larger scale, and to provide a series of elementary manuals 
which, though they are primarily intended for commercial 
classes, may be used with advantage by other classes 
as welL 


* The fdUowimg vchimee are ready or in preparation : — 

THB HISTOK7 OF OOMMEROB IN EUROPE. By 
H. DB B. Gibbins, M.A. Ss. 6d. [Ready, 

OOMMBROIAIi GERMAN. By F. 0. Smith, B.A., formerly 
Scholar of Magdalene College, O nbridge. 8s. 6d. [Ready, 

OOMMBROIAX. ARITHMETIC. By S. Jachbon, M.A., 
Head Master of Yictoria College, Congleton. 8s. 6d. [Ready. 

OOMMBROIAIi GEOGRAPHY. By E. C. K Gonner, 
M.A, Professor of Political Economy in Uniyersity College, 
Liyerpool. Ss. [Ready, 

OOMMEROIAX. FRENCH. By James B. Payne, Kin^s 
College School, London. . [In preparation, 

COMMERCIAL SPANISH. By L Delbos, M.A. Paris ; 
Instructor, H. M. Ship ** Britannia.** 8s. 6d. [Ready. 

COMMERCIAL LAW. By J. £. 0. Munro, LLD., formerly 
. Professor of Law and Political Economy in the Owens College, 
Mandiester. 8b. 6d. [Ready, 

MANUAL OF BOOK-KEEPING. By J. Thornton. TaSd. 

[Ready. 
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